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PREFACE 

TO 


THE FIRST EDITION. 

The volumes, now offered to the Public, lay down the Principled 
of Fortification, and explain the nature of Military Works, in a 
mariner strictly elementary. No term is any where used which 
has not been previously defined, and no complex work is treated 
of, until all its various component parts have been thoroughly 
illustrated in detail. The perplexing mode, hitherto generally used 
in this country, of giving the dimensions of works of Fortification in 
foreign measures, has been rejected ; and not only have our own 
measures invariably been used, but English phrases have also been 
adopted, as far as was practicable. Those technical terms, used 
by foreign Engineers, which it was impossible to reconcile to the 
idiom of our language, have been set aside, and appropriate English 
expressions substituted in their place ; excepting only in the case 
of words, which by long habit have become familiar to us, a;lld which 
it might, therefore, have appeared more pedantic t^flg|e ct than to 
retain. It will also be observed, that every point, fTOi and angle, 
which can appear in a plan or section, and %very part, however 
VOL. I. ^3 
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minute, of any work of Foiiification, has its own precise name 
assigned to it; in entering into which details, I had in view an 
object, which has long appeared to me to be desirable, namely, 
the establishment of a fixed Nomenclature, by means of which the 
British Engineer or Military Officer may make' his report upon a 
fortified place, without being under the necessity of using an 
uncouth and barbarous phraseology, half foreign half English. 

But the characteristic, that probably will be allowed peculiarly 
to distinguish this work, is the perspicuity, which has been attempted 
throughout, lo former authors on Fortification, in general, the 
remark, made by Plutarch upon, the writings of Aristotle, may 
be justly applied; namely, that they can only serve to add to 
the knowledge or to refresh the memories of those, who have 
already studied under a proper master; whereas, by having the 
present work before him*, any person of clear understanding, who 
has no previous knowledge of Fortification whatever, may be able 
to teach himself. 

The very simple and perspicuous mode, in which the subject 
has been treated, was originally adopted by me, with a view to 
the instruction of the Non-commissioned Officers and Soldiers of 
the Royal Engineer Department, for whose special use, not only the 
Course of Practical Geometry before published by me, but also a 
considerable portion even of the present work on Elementary Forti- 
fication were expressly written.^ But, although such was the sole 
object with which I commenced, 1 afterwards judged it expedient to 
publish both, in order to perpetuate, if possible, a system, which was 
soon found to be of the most essential benefit to that peculiar branch 
of tlie service, for which it was originally composed ;t and having made 
this decision, 1 enlarged them toamuch greater extent, than was abso- 
lutely necessary for the above-mentioned purpose, in order to render them 

* See note (A) at tlic end of the Preface. 

. t See note (B). 
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inore coinp]t..e., and more generally useful. To the British 
Officer of Infantry, whose duty frequently requires him to assist 
in the construction of military works, who is always an essential 
agent in the attack and defence of fortilied places, and positions/ 
and who, if he rises to command, may often have to decide upon 
projects laid before him by the Engineers, this book may be par- 
ticularly advantageous; as it will enable him to act, on such 
occasions, with greater knowdedge, and consequently with greater 
confidence and efficiency. Even to the Private Gentleman, >vho, 
from a desire of information, aims merely at a general knowledge 
of modern history, it may not be unacceptable ; as it will afford 
him the means of attaining a distinct notion of military o})era- 
lions, in the narration of which, terms of Fortification must 
necessarily be introduced : nor are these terms by any means more 
difficult lo bo understood, than those of Architecture, witli which 
every person of lolerahlt* education is fiimiliarly acquainted.’^ 
Officers of tiie Corps of Royal Engineers, and others, who have 
been educated at the Military Academy at Woolwich, or at either 
of the Military Colleges more recently established, will of course 
find iiiucli ill the present work, which lo them w ill be entirely 
superffuons, it having been wriUcii, as was before stated, with 
a vit.w to the instruction of persons, who had no previous know- 
ledge of the subject. Yet 1 may venture to assert, that even the w ell 
informed Officer will meet with many useful rules and obser- 
vations, which have either been entirely overlooked, or negligently 
si 111 red over, or treated in an obscure and perplexed manner, by 
former authors of established rejmtation ; and some useful military 


^ Tor example, the terms, bastion, ourtuiii, and ravelin, without which 
even the Gazette a(;eountof a siege cannot lx; properly understood, aic by 
no means more diniciilt, than the architcetnral terms, pedestal, shaft, and 
rapilal ; and yet there is searecly any person so ignorant, as not lo know 
the precise lueaniiig of the three last-mentioned words. 
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works are herein described, no account of which is to be found in ' 
any other book. 

It w^ill be observed, tliat I have deviated from (what appears to 
me) the very ill-judged mode, hitherto followed by several 
elementary writers on this art, who, after laying dow n the con- 
struction of five or six different systems of Fortification, give their 
own opinions upon the advantages and disadvantages of each ; 
and so conclude, without explaining any one system in detail, 
and without entering sufficiently into those fundamental rules, 
which apply tv^ works of Fortification in general. Being of opinion, 
for reasons more fully stated m the body of the book, that this at- 
tempt at too great a muUijilicity of information, lends rather to 
perplex than to improve a leainer, I have, as a specimen of the 
nature of a linished fortiess, given the conslruction of one parti- 
cular system only ; clioos*ng, In way of example, that which is 
usually styled the first system of Wjtiban/^ not as being the best, 
but as being the simplest, and therefore the most convenient for an 
Elementary Vfork, The plan, tlius adopted, of course precluded 
me from attempting to gl\c‘ any new ideas of my own, as to the 
most suitable form for the outlines of a fortress, so that whatever 
value this woik may Ise allow vd ;<• p.ossess, must rest more upon 
the pica of utility lliaii of . riicre is, however, one very 

important pait of die suhjt/ct, wh'eh will be found to be treated in 
a manlier pcifertly new. I allude lu those chapters, which take 
into consideration the proper strenglli of revetments, or retaining 
walls, an investigation useful and interesting not only to the 


♦ I niakc.usc of tlie <'Xj)iT.s.sion “ slyled,” because, ahlioii^b it passes by 
the name of Vaubaii, who used it in the eonstriictiuii aiul repairs of a great 
fiumbcr of fortresses, he bus in icuiit} copied the eonstruclioii of it so very 
closcl} from the works <a' former JCii^iuecrs, that as far as this system is 
concerned, he has no jiisl claim 1(» t!ie merit of invention. In his second 
and third systems, wbich are biieliy noticed, but not explained in detaU 
in the course of the' following work, he is more original. 
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military, but also !o the civil Engineer, anil indeed to llie learned 
world in general, as it has, for more than a century, engaged the 
attention of eminent matliematicians. 

It was my design, when 1 first decided upon publishing the pre- 
sent work, to have added the rules usually followed in the regular 
attack of foifilicd places, and to have iiUistraled them not only by 
general and detailed plans and sections of the various works of a 
siege ; but also by practical details, stating the quantity of mate- 
rials, the number and best arrangement of the men, aiul the time 
requisite, for each particular operation. At the period alluded to, 
a work of this kind would have been highly useful to the Ofticers of 
the Corps of Royal Engineers; for those, who were desirous of ac- 
quiiiiig the necessary information, had then no means of preparing 
themselves for their arduous and important duties in the field, ex- 
cepting by mere theory ; and it may be observed of the foieign 
books, to which they were obliged to have icconrso, that errors 
are to bo found in die host of llicni, as far as icgards the prac- 
tical part of J:^ngineciing, and in none of them are the whole of 
the field duties explained in sufliciciit detail. These di^idvantages, 
liow’tvcr, no longer allect the Officers of the Corps of llowd J^ii- 
gineers, ill consequence of the great improvement, which was in- 
troduced into tiial hrjiu ii of his iMajesty’s ser\lce, in li.c year lol!2, 
under the administration of the Earl of Mulgra\c as iM aster- General 
of the Oidnance, about a year after Lieutcnanl-Cjeneial Mann 
had been nominated to liic command of the Corps. Since that 
peiiod, the Junior Officers of liicKoyal Jnigineers, and all the Non- 
commissioned Oiiicers and Solduis of ll'c i)ej>aitmcnt, in addition 
to the studies requisite for their lespcctive stations, li:i\e been dili- 
genliy exerci.M d, not only in the execution of parallels, approaclies, 
baltencs, saps, mines, and other Avorks of a siege ; but also in the 
mauceuvres of pontoons, and in the formation of military bridges 
in general :* so that there is now no operation, which the Ibitish 


* See note (C). 
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Engineer Department can be called upon to perform, in tlie 
face of an enemy, for which the officers and men may not, with 
propriety, be said to have been previously qualihed by actual 
experience and the kind of experience, which is thus acquired 
at home, is peculiarly necessary for a Corps, whose duties are 
not only of the most vital importance towanls the success of 
armies, but which, in a war of sieges, such as every obstinate pro- 
tracted contest must necessarily lead to, are of so very hazardous a 
nature, that in the common course of inilllary events, tlic major 
part of the officers are always likely to be killed or disabled, before 
they can possibly have opportunities of acqriring an equal degree 
of practical knowledge in tln^ field, 'r 

Since, by reason of the improved wliicii has been de- 

scribed, a treatise upon the attack of fortibod places is no longer 
indispensably necessary for the use of the Royal Engineer Depart- 
ment, 4; I have given np t)i^ jiitoiitso,i of undertaking it; althoiigii 
something of tr.is kind may so far be ileemed an essential part of 
Elemeiitarv rortification, that, shirt]} sp(*akii!g, no work bearing 
that title can lic coiisidcoii :,v'>uiplete without it. Enough, 
however, has been doin', in llir present volumes, to qualify the 
reader for iiii|’ro\ing himscir b\ bivdicr siud} ; for after going 
through this Ci»nrse, hr will find no difjiculiy in comprehending the 
works of other wrilcis, wliu have f; rated those parts of the subject, 
which 1 have k ft untouched ; although, if ho hud not thus prepared 
himsi'if, he could, as I before obseived, have derived liuie or no 
benefit fiom them, v. iihoiit the assistance of a muster. 


• Sec note CD), 
t SceiiutrCF.). 
1 , Set* note (! ' 
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(A) Tho coinpiiaics of Royal Military Artificers, as tlie men of tlic Royal 
Etisriiicor Dcpailmcnl aw'ic formerly called, raised by llie Duke of 

Rielimoiid, at I'le end oflhc Amencau war, cfiiefly wif Ji a view to oin})!oy tiicm 
as workmen in flic jinncipal foi tresses in tlie liritisli dominions, Avere not 
org^aiiized in snoli a niaiinet as to render them also nscfid, in the event of a 
new war; and their discipline was almost entirely ncjyicctcd, they being, 
bolli by themselves, and by the ofiieers who commanded them, considered 
rather as civilians than as soldiers. This, 1 must remark, as being one of the 
greatest and most pernirions errors, that could have been committed ; for, 
even allowing the mere execution of a certain cpiaiitity of labour to be the 
priiici(>al objc'ct of raising any military corps, which it ought not to !)e; it 
Avill in\ariably be found, that, AA'ilhout tbc greatest attention to discipline, 
it A>ill no more be pf»ssi])le. to get a ]»ody of soldiers to work well, than to 
fight Avell. Jf, on the contrary, their discipline is good, they may excel in 
bodi ; and that is tin' great standard of perfetdioji, that ought to be kept in 
view, in organi/iug die Engineer Department of any army. 

At first, the !IMi I itary Artificers consisted of independent com- 

panies, stationed at Porlsmoutli, Plymoutb, riiathani, Dover, Gibraltar, 
and other places, Avherc works of fortification were either in progress, or 
under re[»air ; and the Captain of Engineers, commanding each company, 
bad the entire charge of rccrnlling it. and also (d’ disciplining or tlrilling' Jiis 
men, as far as he <ir the senior Imgineer at the station judged necessary — 
that is to say, in most rases not at all. Tiiis system, if siieh it could be 
called, was alicnded with the greatest iiiconvcniciiecs and confusion; and 
lliercforc the particular <'li.Trge of recruiting for the whole Corps, was after- 
wards gi\eii to a Ca])lain of Eiigiiicers, who was stationed at A\’oolwieli, 
with the title of Adjiitanl. flii their arriAal at that place from the country, 
the reeniits were clothed, equipped, and drilled, as infantry sjildicrs, for a 
certain time, under the inspcelion of the above-mcntioiied o/lieer, a\ ho after- 
wards posted them to the sever.d companies at # ther stations, as required. 
In short, tlu'y were tlnis put into a ! tate, to quality them for jcMuiiig a regi- 
ment of the Jdne, and this wan, no doubt, a groat iiiiprovcnient upon the 
fonnen* s>stcm, in wliieli no jnineijde of stddierliLo feeling, halsoever, bad 
been iiK'ideatCil into Ibein ; but still they Avere left ignorant of the very im- 
poitant duties A\hieh, as Ihigiiiecr Soldiers, they might be called upon to jiei- 
form in the tiidd. Invalids, from the vai ions eoiiipanies abpiud, and at olber 
statioiis, Avere also sent to Woolwieli, prevhjosly t<i their being <!isebargt*d , 
and ilms that jdace. became tiie Head Quarters, and the Depot fur rec ruits, 
of the Royal Military Artificers. Recently, the oflicer in ebarge of the 
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recruits has been called Erii^ade-Major, instead of Adjutant; and, inde- 
peiidi'iit of his practical duties, the whole corresixuideiice of the Corps, 
relaliAc to promotions and transfers of indi\idnals, movements of com- 
panies, the (‘irculation of general orders. &.c. is carried on through him. 

From the close of the Atncncari w ar till the year 1811, all the companies 
of Royal Military Artiticers were kept permanently fixed at their respeetive 
stations, both at home and abroad; wdierc they remained for life, in what 
inay% for military men, be styled a state of vegetation : so that there were, 
at that period, a vast number of men, who had actually grown grey in the 
Corps, w ho had never entered a traiispikrt, nor made a single day’s inarch 
from the Head <»>uart<’rs of their company^ To the men at Gibraltar, and 
other foreign stations, the service of llie Corps was thus rendered almost 
equivalent to traiispoitatioii for life. jil\ery\\ here they intermixed with 
civilians : they inauicd in a proportion unknown in any other corps; — so 
much so, liirJl the number of women and eJjildron behmging to one com- 
pany, w'as often equal to that of a battalion (d* the Ijiiie. 'J'Jic superior pay, 
too, of the Koval iVlilitary Artific'ers, wbieli in well-regulated cori>s, such 
as Ilis Majcjsty’s Lifc-Guaids, invariably adds to Ibe resiicctability of 
the soldier, bad of eoursc the directly contrary cllect, in a neglected one. 
And ill the U'est Indies, and at Gibraltar in purliciilar, to all those (wils^ 
which, in process of time would have hruken the inilitaiy spirit, and ruined 
the eliaractc^r of the best troops th.al <*,ver existed, was added a most 
ill-judged system, of receiving volunteers liom regiments of the Lino 
going to England ; — a .system, by w.'-ieh the commanding oHicers of tbese 
rt'gimeiits got rid of tbeir worst nu ii, to llie prejudice of the Royal Engineer 
Depart mcnl. 

When any expedition was to i>o umiMiiaken, the miinbcr of Royal 
Military 7 \rlifieeis required, uei‘j, in all eases, selected, by small dctacli- 
mehts, otit of the stali'Hiiiiy eompaiues ; and, ns the eornmandiiig Engi- 
neers at the seveial fixed slution.s weie nalnrully averse to parting with tbeir 
best men, the detaebriicijt.s, thus forjoetl for held scrvic*e, were generally 
composed of the siupidcst and lea.s< irustworihy noii-coJiiiiiissioned ollicers, 
and of the most ignoiani, prolligate, and abandoned of the privates. As 
the Gibraltar compai!i(*s were, from circumsiaiiees, llie worst in the Coips, 
the detachments, formed from them, which went to Minorca, Sicily, and 
Ollier jiarts of the .Modi ic.'raiiean, wen^ found .so very inefficient, that the 
measure of raising Aialtese Arlihccrs was resorted to. And Ibu.s, not only 
were Maltese and Sicilians preferred to Britons, in the Mediterraiieau, 
for Ihc very important service of Ihe Iloyal Engineer Department ; but, 
1 am told, that, in the West hidie.s, il had actually been proposed to 
employ Negroes as Engineer Soldiers. 

In the year 1811, the pernicious system of sending the non-commis- 
sioned officers and men on seivicc by small detachments, was abandoned. 
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Und from that lime have always moved in regular companies. The 
following year, Ihc name of the Corps w'as changed to the more martial 
appellation of ito>al Sappers and Miners; and an Estahlisliincnt was 
formed, at Chatham, for the express purpose of iiistnicting them in tha 
field duties of the Koyal Engineer Deparlrnciit, in a manner that is par* 
lieularly noticed in another part of the Preface. To this Establishment 
all tlie recruits are sent, after being kept for a certain time at Woolwich, 
under the Erigadc Major, where they are taught the first elements of 
military discipline, as was before stated; an object which is also of groat 
importance. The oflieers, condiietiiig eacli of these Establislimcnls, re- 
ceive orders from, and eommiiiiiealc witli, the Tnspoelor (jenieral of Forti- 
fications, who has the entire charge c»f the Jloyal Engineer Department: 
and thus, there are two separate Institutions for the practical instruction 
and training of the Ilecrnits, in one of which, they learn a part of their 
duty, in the other, the rcinaiiidcr of it,; which is not the case in any other 
corps, or regiment. 'Jliis arraiigenieiit, which originated from the peculiar 
clrciimstanees, atb'iidiiig the first formal ioii and progressive iinproveiiient 
of the Cor])S, docs not, by any means, appear to be advantageous to His 
Majesty’s servLeo. On the cmilrary, it is generally allowed, that, by 
uniting the above two Eslablisliinciits, or at least by eariyiiig on all the 
practical duties of both, in proper concert, at one and the same station, 
the whole might be conducted to far greater advantage. At tbc same 
time, some expense might bo saved Government ; and the men would 
be completed in the knowledge, both of their military and professional 
duties, in a inucli shorter space of time, which in itself would, of course, be 
an additional saving. Intact, there are many of the field duties, wdiicli 
cannot be practised to advantage, without having the use of a larger body 
of recruits, than il will be practicable to collect together, whilst the two 
Establisljinents loinuiii divided. The operations at Chatham have often 
been paralyzed, for iiionths, from this cause; and, indei.'d, owing to the 
same reason, during the pressure of tlic war, in the years 1812 , 1818 , 
and 18 H, several eoinpanies v\ ere sent from thence on foreign service, less 
perfectly trained than could have been wished. If from these, or other 
considerations, the union of llic tw'(» Establishments, novv suggested, 
should ever take plaec, at a future period, the oflicial coiTCspoiideiiee rela- 
tive to the general duties of the (’orps, vvhicli is at present eoiidiiclcd, as 
was before stated, in the llriga<le Miajor’s ollice at Woolwich, might pro- 
bably b(; carried on to most advantage in London, in the ollice of the 
Inspector General of Fortilicaliuns, by whose immediate onler, all matters, 
to which the said correspondence applies, arc entirely regulated. 

At present, independent of recruits, there are very few non-commissioiicd 
oflieers and privates in the Corps, vvho have not been trained to their field 
duties, with the exception of two companies at Gibraltar, and of some 
incomplete companies at other stations, whicli are the only remnants left 
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of the Old Artificers, and which, 1 am informed, still retain the habits and 
charaeier of that body, as described in this note. Allhou^li much has 
been done towards the im|)rovcmcnt of the Ro>al Sappers and Miners, 
who leave Eng^land in a state of excellent discipline, and wilh the best 
character, there still remain very serious defects in the organization of the 
companies, which have a continual tendency to throw them into disorder, 
and to deteriorate their character and destroy their discipline. These 
evils, the remedies to which arc of a very simple and obvious nature, will 
be more fully treated of in a future note. 


(B) In consequence of the knowiedge, thus acquired, the men, who have 
been instracted according to this system, have been found of the greatest 
service, not only in executing field works with greater skill and dispatch, 
but also in assisting the oiliccrs «)f Engineers, to superintend working 
parties. Indeed, on all occasions, in w'hich works arc carried on upon an 
extensive scale, the latter is by far the most important and useful manner, 
in which the men can be employed, b^or example, no less than about 
18,000 peasants and 2000 horses worked, by order of the ]>uke of Welling- 
ton, under the direction of oflieers of the Rojal Engineers, in improving 
the defences of the frontier of the Netliei lands, for some months together, 
immediately before the great victory of Waterloo ; and by all accounts, the 
extensive works, then in hand, were conducted with the greatest regularity 
and dispatch. Now, it may easily be conceived, that to have direeted such 
a great body of workmen lo prf>per ad\antage, by means of a few offic^ers 
of Engineers, would have been uttcily impossible, but for the system 
adopted, of subdividing the various works amongst the non-commissioned 
officers and privates, each <if whiim was made responsible for lading out 
Ibc details of his own portion, and for ifo- direolioti of a party of from 20 to 
100 men, or even more, according to c iu umstances. During the last year 
of the Peninsular war, and in Ihe various recent operations in Canada, tin? 
same system had been eonslantly praclisc<l with ccpial advantage; the iioii- 
cominissioiied officers and men of the Royal Engineer Department, who 
W'cre eniplo}ed as overseers of military working parties, having on all occa- 
sions given the highest satisfaction. Nor has their superior knowledge 
rendered them presumptuous or intractable : on the conlrar}^ it has evidently 
produced the most favourable eileet upon their character and conduct ; and 
as far as regards personal exertion, it is generally allowed, that these men, 
although mostly composed of Artitieers, will, with equal ease to themselves, 
perforin nearly twice as much work, as any common working party of the 
same numbers, furnished by other troops, who have not been previously 
babitnated to the construction of field works. 


(C) To render them more expert in the last-mentioned branches of duty, 
which are carried on in a part of the River Medway below Chatham r 
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which is there subjc;ct to the action of the tides, and exceeds most inland 
rivers in rai)idily, they are exercised in the operations of rowing, casting 
and w'cighiiig anchors, sheering boats by means of a current, to serve as 
flying bridges, &.C- In consequence of their continual exertions and 
experience, for more tliaii three years past, llie man(jeuvres of pontoons, 
and oi* military bridges in general, under given circumstances, have been 
reduced to a system ; and the practicability of any operation of this nature, 
with certain means, may he calculated beforehand, with a degree of 
precision. The smaller parts of the pontoon equipage have been improved ; 
but the pontoons themselves, being an establishment of considerable ex- 
pense, have not been altered. They are precisely the same .that were 
used in the time of the Duke of Marlborough, having been, I believe, 
copied from the Dutch )iattcni of those days, and as such they are best 
calculated for still waters or moderate currents. It is true, that they are 
by no means unfit for general service, even in their present form ; but 
some alteration might certainly be introduced to advantage. I am of 
opinion, that the whole, or at least a part of them, should be formed of cop- 
per, as being a less perishable material than the tinned iron plate at present 
used. Notwithstanding this change, their weight might probably be some- 
what diminished, still leaving siiflicient strength. Their ends should be 
made pointed, itisb'ad of square, which would not only cause tliem to 
ride a great deal easier in a rapid current, when the bridge is formed, but 
would also render them much more manageable in rowing, in which very 
essential purposi'. they must ofleii be employed. Tor example, in the 
passage of the A dour, the D'lkc of VVcIliiigtoii was enabled to throw 500 
men across the ii\er, by means of his pontoons, used as row-boats, pre- 
paratory to the ronualion of a bridge of large boats, which important 
object could nut ha\f been eh’cclcd, if the portable bridge equipage of 
the army hatl consisttid of decked pontoons, or other similar exjiedients, 
that have either been used or recoiiiinendcd, with a view to prevent military 
bridges from being sunk by the cxtraonliiiary action of mountain rivers, 
after winter rains, or the melting of the snow. I conceive, that by the 
addition of light wash boards, moveable at pleasure, wbich may be fixed 
to the present pontoons, when required, so as to raise that cud which is 
exposed to llie euiTciit, the w ater may he effectually excluded in the most 
violent floods ; and that thereby tlio pontoon, thus modified, may be service- 
able ill all countries, and at all seasons, both as a row-b(»at, and as forming 
the groundwork of an eflieieut bridge. Hut if, oti trial, these two objects 
cannot be reconciled, as such very violent currents are not to be encountered 
iu all countries, the present pontoon, with a little modificatioii, ought still 
to be retained, as tlie best adapted for general service, whilst,, on peculiar 
occasions, bridges of casks, that are of course incapable of being sank 
under any circumstances, may be formed for the passage of mountain rivers 
of extreme rapidity. Seven butts, of t^ie.si^c used as water-casks in the 
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Royal Navy, are equivalent to one large English pontoon, in the formation of 
a bridge, and when put together in a peculiar way, to which the ofliccrs and 
men of the Ro>al Jinginecr Department are regularly tiained, they con- 
stitute what is called a f)ier. One of these piers, althongli possessing equal 
biioyaney, is rather lighter than the pontoon ; W'hcii the casks and other 
necessary materials arc laid out loose on llie hank of a river, it may be 
completely put togetlicr, and launched by a small jiarty of expert men, in 
three minutes: and it may afterwards be moved in any direction by five 
rowers (one of whom steers with an oar). Casks tit for forming such 
bridges, arc to be found in every country in great abundance, and may be 
carried on the backs of mules or horses, in roads that w'oiild be impass- 
able for pontoons, or other expedients that require four-wheeled carriages. 

I'lie facility wherewith the oflieers and men of the Royal Engineer 
Department can now execute military bridges of any description, not only 
writh regular pontooj].s, but also with country boats, casks, and a variety 
of other expedients, w'hich it would be siipeitliious to mention, may, per- 
haps, justly be considered one of the greatest improvements, that has 
recently been introduced into the service ; lor it is well known, that a few 
years ago tlicre was scarcely an otfieer in the Rritish army, who knew any 
thing of this important subject, except by theory, lii several foreign 
armies, it is usual to have distinct corps for the purpose, wdiose duty it is 
to form military bridges, and nothing else ; but 1 conceive that such a 
system w'ould lx; entirely iiuippheable to the British seiviee. After Lord 
L>iicdoch (then Sir 'I'homas Grahasi]) lauded in Hollainl, at the close of 
the > car 1813, tw'o jouiig Uoutetiaiii» of oiiginocrs, ami a company of men 
who had been trained to this dut}*, formed in a very expeditions manner a 
bridge of (joniitry boats ovvr the -M.uM’k near Zaiiderbuitei], w'hich 

served for the eoiivoyance of the lu si artillery. The boats were of 
ditfcreiit shapi's and sizes, eulleeted f*»r Ihe oeoasion. The materials for 
the su])ers1riietiire amuc also of ii regular scantling, and jiartly eulleeted 
in the tieighhourliood, parity felled on iho spot, if the ollicers and men 
employed on this service bad belonged to a regular corps of Pontoneers, 
they must have remained idle and useless during the remainder of that 
short campaign ; instead of which, the grcaf<‘r part of them were soon 
after brought into action, in the attack of Bergen-op-Zooni, and afterwards 
in tlie bombardment of Antwerp; and on the renewal of hostilities in 1815, 
they were employed in fortifying the frontiers of the Netherlands. A corps 
of professed Pontoiieers w^uuld be entirely useless in time of peace, and in 
a variety of situations, even in time of war, unless they were also made com- 
petent to the performance of oilier duties, of a very diflerent nature from 
their ow n peculiar profossioii ; and therefore, I conceive, that the system 
now established ill the British army, of calling upon the Engineer Corps 
to furnish detacfimcnts for the execution of military bridges, when required, 
is by far the best that could have been adopted; for so long as a 
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ro}inI:ir Pr.iitooii I'l >'n is wanicd for constant service, the particular com- 
jKojics, onlcicd to ho atlarhcd to i1,inay he kepi pcnmineiitly to that diit} , 
lor any iiiir.ilx'r of ca!ni)aip:tis; and as far as skill and exertion go, I feel 
eoiilident the oHieors and nirii of the Iloyal Engineer Department may, 
at this moment, enter into f‘onipetition with the most expert Pontoncers 
ot any ( ftiie (.'oiitinenfiil nations. 

Il is to !)(! ohser\ed, that the tadvaiitagcs of the .-y stern descrihed in the 
prtiM iit nolo v/erc not foil dniing the greater j)art of the ]*eninsijJar 
war, as the ofiseers and men >\Iio had hecn prcvionsl> trained to the art 
of eonst meting nnlitaiy hritiges were searecly e\(‘r emphyed in tliat peculiar 
lineof dnt\, excepting in the eonstmelion of the celebrated ])ridge <»vcr the 
Adonr, the exeeuti\e part rd‘ hich they jiciformed in eoriecrl willi the 
lioyal j\a\y ; and on that occasion their skill and exertions, particularly 
ill crossing the veiy dangenuis bar at tl:o month of the river, attracted the 
liighe-.t piir/c.cs from ^(“ar Admiial Penrose, wliose oiiieial letter on the 
subject was, lsone\(T, irorn some accident or oversigid, ne\cr pnblislied at 
full lengtJi, so tlial tlsis eiiciimsiance is not generall} known to the public, 
ailhongh t/teir iinmiicr greatly exceeded that of the seamen, wlio co- 
opc'raled with them, f made ii'-e of the expression, “ cxceiiti\e, because 
t]:e project of suppcntiiig the sapcrstmeliirc of that Inidgc by niciiiis of 
liauser^ instead of baulks, accoiding to the more coininoii system, was, 
J understand, original^ suggested by an tdliccr of the lUyal Stall’ Corps. 
Puiiilks ^%^re, Iiow(‘>er, add('d, in a few weeks after the first funnatioii 
of tlic I’.iidge, arul they pro\ cd on trial mneb prehaablc to the former 
expedient, v^hirh is by no means \^(‘ll adapted to briilges of boats, or other 
iloating ijndies ; aliSiougli il ma> be used to great ad\aiitage (as it had, in 
lix t, been b} the sanie tdheer on a former oceashni) in ifoisc peculiar cases, 
inwl'.iidi the clear inl(T>als between tbe oidy points of support, that can 
eonvrnieiitiv be obtained, are of an extraordinary width or span. 


(D) Owing to the very recent hit rod net ion of flic system described, the 
tiaiiu'd Sajipcrs and Miners were not brought forward in siillicient iiiim- 
beis, in any eiitcrprize of importance, before the siege of St. Sehastian, 
in wlii< h they distinguished themselves. At the assault of I5rrgeii-op-Zooin, 
in Mandi the l<o>al Sappers and Miners, headed hy a lientenaiit of 

I'higineers, cut down the palisades, crossed the ditches, planted the ladders, 
and were the lirst Intops that mounted the enemy’s ramparts. At Peronne, 
a place taken by slorm, after the battle of AYaterhjo, they also had the 
honour of leading the assault. Put the must remark:jl>!c instance, of the 
a<lvai]tagcs arising from having men of this description, Avas in flic siege of 
J ’ort lioyer, on the coast of America, which was attacked hy the Tlritish troops 
after their failnrc before New Oiicaiis. The lirst night of the operations, 
soldiers of the Ijiiio only wcr^'^uploycd. Troiii a want of akill and expe- 
VOL. II. ]i 
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rience in tlic initiire of tlie duties iec|iiircd of ilicni, and tlierc bcingf very 
few Kiipiicer oflieers to direct; they coHocietl in i^roiips, iiisb^ad of being 
spread out, as tbc> ought to have been. Ct»iise(|ueiit!3 , out of one small 
part> of twenty men, foiirteet] were killed and woiiinied by a single dis- 
charge of grape shot, and such eoiifusioii ensued, that very little progress 
M'as made in the com sc of that night. On the sectnid night of the siege, 
nine men of the Iloyal Saj)pers and Miners Merc eitijilo^ed in addition to 
the troops of the Line. JJy assistance of those few individuals, the olliccrs 
of JEiigincers were enabled to regulate their woiking party to so much 
advantage, that before in(»niing they had completed a [ntrallcl of 200 yards 
in extent, within 50 3 aids tif the eiiemv's works, besides approaches iii 
advance, which being tilled \\itli‘sliarpsboolors, llie Amei icans were unable 
to show tliemselves at tlicir gnus, ainl the foit surrendered. It is proper to 
explain, that, as the army sailed fnnii the .Missis>:ij)]»i in divisions, the main 
body of ollieeis and men of the Ro^al l-^igineci Depart meni, had not arrived 
at the period of the above attack. '^I'be nine men who so particularly dis- 
tiiigiiislicd tlieiiiseU cs, bappened to be; 011 ll;e sj>t>t beiVne the others, because, 
being all eai[K‘nt(*rs l:y tra<le, tliev* bad been lent to the Admiral for the 
purfiose ukiepairiiig the boats oftlic tied. 


(E) The loss of <iniccrs of tlie Ro^al Rngineers in killed and wounded, 
in propoiiioii to the total tinmber ernplu^x'd, in the several sieges in Spain, 
was as follows. Jii the attack of I'ort f'hristoval, at the lirst siege of 
Badajoz (the latter jilace. itsell btiiig merely blockaded), 5 out of 7. At 
Ciudad Rodrigo, 7 out of 18. At th(i last siege ofi!adajoz, 18 out of 20. 
At Burgos, 8 out of 5, and alJ the ncij>eoiniiiissiojied otiicers and soldiers 
of the Department present. At St. SeiKistinn, 11 out of 18. For fmtiicr 
particnlurs of tijesc operations, see Ijiect -Col, doiics’s Journals of the 
Sieges ill Spain. In ilio liumerous gcncial actions and skirmishes, in 
which the British Ihigiiircrs hc.vt also I.e'J ii jnosent, dining tlio late wars, 
tlieir loss has hoeii \cry trilling compared wiiii the above. J'or example, 
altliougli 0 ollicers of the Rojal Rngincors were engaged in the battle of 
Mai'da, and 5 si’rvcd on board lio:d Fxmoi jib’s fleet, in his late brilliant 
attack on Algiers, not one out of the whole number was hurt on either of 
these occasions. Rnl tlie peculiarl3 hazardous nature (jfthc Jingiiiccr’s duty 
in sieges is proved, not merely by our own military bistor3', but also by 
that of other .Eiin>pean nations, as will be seen by referring to A llenl’s 
History of the Freiieh Corjis of Engineers. In the second attack of 
Saragossa, 15 out of 27 Engineers of the besieging army were killed 
and woiiudcd; and in the event of new wars, at least an I'qual projiortional 
loss of Engineer Olliccrs is alwavs to he expected, iis a matter of course, 
ill every well-contest cd siege, i fence it may be allowed, that cvcr3' pre- 
caution, tliat human prudence can dictate, ought to be taken for rendering 
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a Cori)s of Fngiiicfsis effective in the field ; their garrison duties, altliough 
of srrat importance,* being: of a very secondary nature, compared with 
those that they are called upon to perform in w ar. 

(F) A brief view of the past and present Field Fstablishment of the Itoyal 
Fni^iricer Department will show the gveat improA cincnts, that have recently 
faken place in this very important branch of our national military service. 

During the whole of the W'ar, which was terminated by the peace of 
Amiens, and in the first expeditions subsequent to the renewal of hostilities, 
and even during: several of the Peninsular eainpaij^ns, the officers of Ihigi- 
iiccrs, employed in any siege or other enteri'.iizc of importance, seldom had 
more tliaii twenty or thirty Royal Alilitary Artificers under their orders, and 
all attempts to render these men useful were attended with disappointment, 
owing to their total want of previous instruction in the nature of the field 
duties of the De])artinent. The discipline of the Artificers was also, front 
causes which were partly explained in a former note, much inferior to 
that of other Ilritish troops ; hut, low as they stood in public estimation, it 
must he allowed, to their credit, that they always proved themselves to bo 
possessed of an ample share of the natit/nal courage. 

Independent of the difficulty, just tlatcd, w hich the officers of Royal 
Engiiieiu s laboured under, in not having a sufijeient body of well disciplined, 
and well instructed soldiers, to act under their oi Jers, aiiollior defleicney of 
a no less serious nature affeeled tin; Department, in the total want of th© 
means of transport for necessary stores. Even the jnmloons, sent out with 
our expeditions, were merely consigned, hy order of the Hoard of Ordnance, 
to the commanding Engineer, like other articics of store, without any 
provision of properly trained men for niaiKX'uvrii'g them, and without any 
establishment of dri>ers and horses for transporting them. Consequently 
in cases of einergeney, cither country drivers, &c. were to be hired, and 
horses bought, at a disadvantage ; or men were to be borrow'cd from the 
Tiifanlry, and tlie means of transport from llic Artillery or Commissariat* 
TJiesc temporary expedients erected the greatest confusion, and generally 
tended, for the time being, merejy to paralyze other important branches of 
the .scr\iec, without by any means producing proportional benefit to the 
Royal Engineer Department, the officers of which, in consequence of the 
imperfect system, that has been described, not having the requisite means 
for conducting their arduous duties in the field, with a fair and reasonable 
prospect of success, had their bodies on all occasions harassed by un- 
neccissary fatigue, and their minds tormented by constant apprehensions of 
the failure of every enterprize in which they were engaged. 

When the Duke of Wellington was making preparations for his late and 
most glorious campaign, the experieucc of foimcr defects, which had been 
deeply felt in the Peninsular war, led to the following more perfect organiza- 

B 2 
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tion of llic Field Establishment of the Royal Ensiiieer Department. Every 
division of the army had one Engineer's brigade attached toil ; each brigade 
consisting of a complete company of wcU-trained Sappers and Miners, with 
drivers, horses, and waggons, carrying intrenching tools, siifTicient to 
employ a working parly of 500 men, besides a proportion of Artificers' tools, 
and otlior Engineers' stores. A captain and a certain number of subaltern 
officers were aftaclied to cfieh brigade; and were responsible for the disci- 
pline of the men au»l eni<*iciioy of the horses, &e. whilst the remainder of 
the Engineers were left free for the general duties, that might lie required 
of them. I'ivc eomjiaiiics of Royal Sappers and jVliners were employed 
with the Pontoon Train, Inch consisted of 00 pontoons, besides store wag- 
gons, &c., and was drawn by nearly 800 horses, the whole being under the 
command and ehaigc of a bre\et-major of Ji!ijgin(*ers, assisted by a du® 
proportion of captains and subiiitoriis ciftiic same ooips. 

'Fo give an idea of the total strength of the above Pslablislnnent, 1 shall 
.remark, that more ihaii UO ofikers having been left on duly in the Nether- 
lands and on the fnnitiers, the ji'Miihcr of Engineer otlieers serving with 
the ai’iny in riaiicc was only 41. 'They had under their eoinniand 
npw'ards of 000 Sappers and ]\iiiieis, and 550 drivers, and had charge of 160 
waggons (pontoon carriages iiichnlcdj, ?niil more than 1000 horses. An 
Assistant Ordnance (.‘onnnissary Willi 6 c lerks and 9 eondiicturs of stores 
also served w ith the Engineer Dejrarlinciit, besides a pr oportion of Medical 
Olfiec'is ; and to each division of tlie Poiitooir Train, were attached a small 
niimhcr of J’lemish seanien, ju*e ;;*toined to rivers, and coasting navigation ; 
but I ani inibntied hy an <diieer rf Fiigirierr.s, who was employed in lire coii- 
sti'iietioir of tw o bridges, tl.rown over the Seine, near Paris, by order of the 
Duke of W eihngtoiijtliat tlK-.se .scinnen. o»ving to their wairtof previous train- 
ing, were not t>y any niearis serviceable as tire Royal Sappers and Miners. 

The Dtivci’.s WTie how e-i cr Jho decidedly defective part of the above 
establisliincnt. About (‘ue thii<l of them belonged to the Corps of Royal 
Artillery Drivers, and wcie ordy ti-ansferfed to the Engineer Depai-firrcnt, 
a lillle before the or* the eaitipaigtt. The rmiaiirdet', heiirg men 

hired for the oeeasioir, i:i the ncighhoiirhood of Aiilw'crp and Rrusscls, 
W'ei’c gciicraily ignorai.l <n’ their <luty, and many of them of had character, 
so that frcqnerjt <lcsc» tion.s took place. However, by the great attention of 
tire ofiicci's of Enginct js, tire horses w'erc kept elficicirt and in proper con- 
dition; for us sooir as ac.y of the eoimtiy drivers deserted, an equal niimhcir 
of men of lire Royal Sapper-s arrd Miners w ere substituted in their place, 
W'ho, ft'oni their pccnliar habits of zeal and exertion, made inr difiiculty in 
recoiieiliiig themselves to the novel oecujration of grooms and drivers. 
But for this mcasiii'c, a itiimber of valiialrlo horses must have beerr ruined, 
and the Poiitooiri'raiii, a-s well as the Engineers' brigades, w ould by degrees 
have become totally unserviceable ; and if such was the incfiiciciicy of the 
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Irired drivers, in so nnifonnly prosperous a campaign, vvbat could have been 
expected tVoni them, had the army met %vilh any of those reverses, which 
are usual in war ? 

It is now jj^encrally allowed, that a body of yjroper Eng^ineer Drivers is 
absolutely necessary towards the ediffloncy of the Dcjiartinent, there being 
the strongest objection, as was before stated, to the expedient of borrowing 
men from otJjer militar^^ corps ; and experience, not merely in the lato 
short and brilliant campaign, but also on many former occasions, having 
fully proved, that little or no dependence can be placed in the services of 
hired or contract drivers, particularly foreigners. Tiie Engine(;r Drivers 
should form a component j)art of the companies of Sappers and Miners, to 
be, like them, soh'Iy commanded by otlicers of the Ro>al Engineers, who 
should be hold responsible, not only for the discipline of the men, but likewise 
for the ellicicney of the horses. If this measure were carried ijito eflcct, 
tjic title “ SappcMs and Miners, which even at present is entirely inappli- 
cable to many important diities of the men so styled, would be stilHess 
suitable to a corps, also containing a ]>roportion of Drivers. It should there- 
fore be abolished, and the w hole of the men should be called Engineer 
Soldiers, and considered an integral part of the Corps of Koj al hiiigitieers. 

Althongli the pn sciit is certainly not the time, in which the formation 
of any new military establishment can with propriety be recoin mended ; 
jstill the measure now suggested, of raising Engineer Dri\crs, should always 
be kept ill \iGW, it being indispensably necessary^ that it should be put 
into immediate exocaition, whenever the nation shall again be involved 
in war. And in the mean tiling a great iinprovcmcnt might take place, 
without waiting for that probably remote period, by transferring the Royal 
Artillery Drivers, wlio arc at present attached to the Engineer Depart- 
ment, in the Rritisb army in Fiance, in a permanent manner, to the latter 
depui'tment ; which may be clfeclcd, by allowing those ineii,w'ho are in- 
clined, to volunteer their services. A small expense, not exceeding one 
guinea per man, may at first be incurred by this measure, which will he 
am[)ly repaid by tlie greater etiicieiicy of the men and horses ; for as I 
implied before, borrowed troops lent by one. department to another, can 
never enter with proper zeal into the execution of, what they must consider, 
an extra and temporary duty. Jealousies and collisions will sooner or 
later take place between the olhcers of the tw'o combined corps, to the pre- 
judice of the service ; and there are many reasons, wiiy a department, 
amalgamated out of discordant materials, can never be in good order. 

Ill the event of Engineer Drivers being raised, in the course of a new 
war, it would not be proper to discharge the whole of them, at the termina- 
tion of hostilities ; because the elements of every military body, w'hich is 
essential in war, should be kept up in a certain proportion, no matter how 
arnaU, even in time of peace. In that case, as there might not always be 
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employment for llic Engineer Drivers in llicir own peculiar line of duty, 
they should be made useful in the ruction and repair of military 
works, and in all sucli services, as arc (‘oniinonly performed in garrisons, 
by direction of the olKeors of Iloyal EnginecTs ; and in order to qualify 
them for tliese last-nicritioiied duties, .they should, on entering the service, 
not only be tnught tJic care of horses, but should also receive the same 
instruction, both tlieorclit.'al and praetical, as the other privates. 

The Engineer Diivcrs should be divided into Sections, or small orga- 
nized bodies, each consisting of not more than tweiiiy noii-coininissioncd 
olliccrs and pri\a1es, to be mustered always with some company of Engi- 
neers, the name or number not only of the Company, but also of the 
particular Section or Sections of Drivers altaclied to it, being speeilied in 
tlie heading of the muster roll. In all cases, the captain commanding the 
company, and his olheers, should he responsible for the discipline and 
eflicicney of the whole. In general, one section of Drivers per company of 
Engineers would be suilicient for held service, which arrange men I would 
render the Erigadcs quite cllectivc; but in the Pontoon Train, as the 
number of Drivers would require to he nearly equal to that of the other 
soldiers, it w'oiild probably be iiccessary to allacli four sections of Drivers 
to each Engineer cuinpany. 'i'his w'ould render the aggregate of the 
companies rather unwieldy, not iniieh less than 180 men, and about the 
same number of horses; but when we consider, that all the troops of 
Horse Artillery on the war cstablislmicril w ere nearly as numerous, and 
yet that they have alway s been kept in excellent order, I entertain no 
doubt of equal cilicieiicy; since tin? ojgajnzatioii I suggest, in regard to 
the proposed Engineer Drivers, js foundc'd on the system of that branch 
of the service, which has always given the greatest satisfaction ; whilst the 
very contrary sy stem, hith('rto followed, in organizing the Drivers attached 
to the Eoot Artillery, has been attended throughout the whole course of 
the late wars, with notJiing hut evil and coiiiusioji. It is true, tliat a con- 
siderable improvement has recently been introduced in regard to the Eoot 
Artillery Drivers ; but oven this new system alluded to, appears to me to 
fall very far short of that of (lu? Horse Artillery. In forming Engineer 
Drivers, the one or the (»lhcr of the above systems will probably he imitated, 
and therefore I may he pardiuied for stating my opinion as to which of the 
two ought to have the preference, which otherwise 1 should not have 
presumed to do. 

I shall obs<‘.rvc, that in the above suggeslioii for raising Engineer Drivers, 
my chief object hiis been to guard against tJicir being formed into a distinct 
or separate Corps, from the other soldiers of the Department. To prevent 
even the possibility of their being considered as such, which 1 am persuaded 
would be attended with most pernicious cifects to the service, 1 shall further 
state my opinion, that there ought to be no special Commandant, or field 
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officers, attached to the Ens^inccr Drivers in particular; that these men 
should never c^cll iioniitially be divided into 'JVoops or larj^c bodies; that 
there should he iir> oflieers mustered as captains of troops, nor any other 
Gominissioiied stall’ clliecrs, nor staff appointments whatever, to distinguish 
the Drivers as a separate establishment. 

In short, tliey should he, as 1 said before, an integral part of the 
Engineer Companies, to which they arc attached, for the time being*; 
and my only object in recommending tbem to be divided into Sections 
was, ill order tliat they might always be disposable and movcalde from 
one company or service to aiiotlicr, according to the exigencies of 
W'ar; an object, which could not be cfl’ccted without throwing them into 
a state of complete confusion and itidiseipline, if they w ere organized in 
any other inaiincr whatever. I’or e\cry officer of experience knows, that 
smaller detachments, formed out of troops or companies, always fall into 
had order; and tliciefore in a Irndy of men, such as the Kriginecr Drivers, 
who, from the nature of their service, must necessarily act in very small 
numbers, it must he allow (‘d, that the only mode of preventing this evil, 
in establishing such a corps, is to divide it, as I have suggested, into 
organized bodies, each e<Miip!ete in it>elf, but not eveceding in number 
the smallest detachment, tliat is likely to be rccpiircd to act togetber. If 
this aimiigemeiit .should be carried into effect, it will of conr.se be under- 
stood, that some Engineer companies may have no Drivers attached to 
thion, others ni.'iy have one section each, whilal others again may have 
two or more sections serving with them, according to circumstances. I 
shall conclude by ob.serving. Unit all transfers of .sections from one com- 
pany to another should he avoided, except incase of absolute necessity. 

With regard to the measure above suggested, of ebangiug the name of 
the Corps of Jfoyal Sap]>ers and Aliners, I have long been convinced, that 
it would be of the greatest po.s.sihle hciielit to TIis M.-ijesty’s service. The 
unfortunate .system, v\liich has hitherto prevailed for more than thirty 
years, of calling tlio (>ffieer.s of the Iloyal Engineer Department by one 
name, and the soldiers whom they command by another, in imitation of 
the Ereneh, was, in iny opinion, the prinripnl cause of the acknowledged 
indiscipline ami irregidarity of the old Military Artificers, and has been one 
of the eJiicf obslacles to the improvement of tin? Royal Sappers and Miners. 
Even if experience had not proved, in the stroiigcsl manner, what I now 
assert, it might easily be conceived, on a little reflection, that any dis- 
tinction, althougli only in name, which tends to disunite officers and their 
soldiers, cannot but fail to bo highly pf?niieious to the reputation and 
efficiency of the wdiolc. J<\n’ w'hen the former are know n by one name, 
and the latter hy another, the fame arising from their mutual exertions is 
necessarily divided, and therefore diminished; and in case the discipline 
and comforts of the men should be neglected, which is much more likely to 
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happen under this system than under any other, the disgrace nill most 
unjustly fall solely upon the soldiers, who, as a body, have not the power 
of improving or organizing themselves, instead of being attached, as it 
ought to be, to the oflicers who command them. If we duly weigh this 
most serious disadvantage, under which the present Royal Sappers and 
Miners labour, and take further into consideration, that it has hitherto 
often been their hard fate to have a total change of captains of com- 
panies every two or three months; the excellent character which 
they possess as a corps, under such very unfavourable circumstances, 
must be allowed to do them the highest honour. If these evils, which 
affect no other regiment in His Majesty^s service, were rcm(»vcd, I feel 
persuaded, that the Non-coniinissioncd Oliiccrs and Soldiers of the Royal 
lEngineer Department, as they are now the most intelligent, would also be 
considered the nmst useful and respectable body of troops in the world. 

The measure, necessary for completing liic proper organization of the 
Corps in general, is to attach one captain and two lieutenants of Engineers 
lo each company, w ho shall, under all circuiji'stances, move with their respec- 
tive compauics, and remain with them until promoted. I’he companies of 
the Pontoon U'raiii only, as hciiig more iniinerous than the others, ought to 
Jiave three Jaoutenaiits of Engineers attached to each. It is the conimoii 
opinion, that the junior second cuptaiiis of the Corps of Ro\;d Ihigineers 
should have the command of companies in preference to senior second 
captains or first captains, the former arrangement lu ing by far the best 
adapted for the general .scr>ice of tlicCoips in active warfare, and there- 
fore the one which might on that groumt be with most j)r(i])jicly adopted, 
even in lime ot peace or in garii.s</«\s- 'i'hc. rcasoij, which may perhaps 
appear sutliciciitly obvious, is as follows, li is well known that the duties 
of the commanding Engineer, serving wiih a division of an army in the 
field, who is usually a first captain in the Corps, arc so very imp(»rlaiit and 
extensive, that they, at all times and under all circumstances, ai c siifiicient 
to engross the whole of his aitcriliun ; so that if the command and charge 
of a company of soldiers is also made lo devolve upon him ; (as no individual, 
liow^cvcr zealous and indetatigable, can perforin impossibilities), the unfor- 
tunate company, of which he is the rioiiiinal caplaiii, imist necessarily be 
neglected. The second Engineer of the division, on the contrary, not 
having, like the former, the general charge of a department, has it in his 
power, it placed at the head of a company, to pay every attention to the 
men under his command. At the same lime, it is to be observed, that the 
regimental duties, thus imposed upon him, will by no means prevent 
him from having opportunities of distinguishing hirns^f as an Engineer^ 
For in sieges, and in all other operations of peculiar danger and difficulty, 
such as aic likely, if siieecssfiilly executed, to add to the credit of the 
Corps, , the Engineer Soldiers with the Officers, who arc in the immediate 
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command of (hem, must, of necessity, always be broug^ht into action in 
the must conspicuous and important situations. 

Altliougfa, therefore, it may be of small importance, whether the com* 
mand of Engineer companies is given to first or second captains, so long 
us they remain stationary in garrisons ; still I conceive, that it would bo 
dangerous, and eventually pernicious to his Majesty’s service, to adopt the 
former arrangement, even in time of peace. For the experience acquired 
in war is soon forgotten, unless the fruits of it arc embodied in permanent 
institutions, so that if first captains of Engineers are appointed to the 
command of companies at the present moment, it is not likely that a 
different arrangement would be adopted, or even thought of, in case of a 
new war, at some future period ; and therefore the moment that a British 
army shall again take the field, that is to say, at the time, of all others, 
when the good of the service requires, that the discipline and comforts of 
military men should be watched over with the greatest zeal and attention; 
the non-commissioned oflicers and soldiers of the Royal Engineer 
Department would once more be almost totally neglected, as they were 
ill general, owing to the same cause, during the whole of the Peninsular 
war, a thing, which I do not scruple to assort, for it is proper that the truth 
should be known, the more especially as the evil arose entirely from the 
defective nature of the system followed; and no blame whatever can bo 
imputed to the iiidi vicinal oflieers theif in command of companies- Having 
now discussed most of the oUicr points, wiiicb appear essential towards 
the more perfect organization of the Royal Engineer Department, I shall 
conclude by observing, that the class of officers, called Sub-lieutenants, 
who ai'c raised from the ranks, one to each company, ought to be abolished ; 
for many strong rcasotts, vv hicli I shall not enter into at large. Suffice it to 
say, that although the individuals selected have always been chosen on 
accauiiit of their merit, and some of them have distinguished themselves 
afterwards as cnmniissioiicd officers, still it must be allowed, that the 
experience of ten years has fully proved, that none of the advantages ex- 
pcclcd from this measure have been realized: on the contrary, it has mate- 
rially conduced tf» retard the improvement, and to injure the reputation and 
efficiency of the Corps. Some other means should therefore be adopted of 
rewarding the most deserving non-commissioned officers, which might be 
done with much less expense to tiie country, and at the same time more 
to the comfort and satisfaction of the individuals themselves, who, to my 
certain knowledge, have more otHcn been involved in difficulties and distress, 
than really benefited, by the change. 

In recruiting Corps, the greatest attention should always be paid 
to character; for an idle or profligate man, who might be rendered 
seiwiccabJe in a regiment of the Line, is literally useless in the Royal 
Engineer Department ; gnd no volunteers from the militia, nor any . 
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discharged men from other regiments or corps, should on any account be 
inlisted ; for it may easily be conceived, that men, who have been accustomed 
for years to the less laborious duty of mounting guards, and attending parades 
and occasional drills^ can seldom be thoroughly reconciled to those steady 
liabits of continual personal exertion, which arc required of a soldier in 
the Engineer Department. Accordingly, it has been remarked, that young 
recruits, who never served before, have generally proved more intelligent 
and more regular in their conduct, and have apparently taken much more 
pleasure and pride in their peculiar duty, than volunleers from otlier regi- 
ments, of whom there is also a considerable proportion in the Corps. Con- 
sidering, moreover, the great skill aud zeal which are indispensably 
necessary, and the peculiarly hazardous aud sometimes eoiifidetilial nature 
of their duties, no foreigners ought, on any account, to be inlisted as 
Engineer Soldiers; nor should any foreign companies in future be raised. 
Out of three Maltese companies that were embodied about the year 1805, 
os alluded to in a former note, two have been already disbanded ; and it is 
to be presumed, that the reduction of the third will soon follow. 

It is proper to explain, that in the various suggestions contained in this 
note for the further improvement of the Department, in which 1 have the 
honour of serving, 1 lay little or no claim to the merit of originality, except- 
ing ill the proposal for calling not only the oiTicers, but also the non-com- 
missioned officers and soldiers of the Department, by the general title of 
Royal Engineers. All the otlier joints treated of have, for a great number 
of years, been the topic of constant discuosion amongst the officers of the 
Corps ; and althongh opinions may vary as to details, yet the propriety of most 
of the general principles, that have been advanced, is now universally 
acknowledged ; particularly as far as regards the necessity of raising Engi- 
neer Drivers, and of attaching a due proportion of officers, in a permanent 
manner, to the existing companies. Indeed, 1 know, that both of 
these important measures have been sanctioned by the highest authorities 
in the Corps of Royal Engineers, and the latter in particular is eveft said 
to be, at this moment, under official consideration ; so that there is some 
prospect of its being soon carried into effect, the more especially, as not- 
withstanding tlic vast advantages, which must necessarily result from it, the 
execution of it will be a matter of mere arrangement, not involving any 
expense whatever to the country. I may conclude by observing, that I 
have not been biassed, in any thing that 1 have said, by the customs or 
institutions of any foreign nation, a blind imitation of which, in military 
affairs, has always ajipcared to me a matter to be highly deprecated. At 
least, so far as regards the very important field duties, at present executed 
by the Royal Engineer Department in the British service, 1 feel persuaded, 
an exact copy of either the French or Austrian system, &c. of perform- 
j||g the same duties, would lead to a perfect chaos. 
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REMARKS ON the NOTES 
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Since the above Notes, which gave a brief account of the organiaation of the 
Royal Rngineer Department, previonsly to the year 1817, were published, the 
iHar^rtant Improvement of attaching one Second Captain and two lieutenants 
to each Company, in a permanent manner, has been carried Into eifect. The 
Sub-lieutenants 'have also been abolished, and the Foreign Companies dis- 
banded. The Non-commissioned Officers and Soldiers of the Department are, 
however, still distinguished from the Officers, who command them, by a 
different title; a distinction, which has always appeared to me, not merely un- 
necessary, but highly prejudicial to the discipline and respectability of the 
Corps ; and which, at tlie present moment, is one of the greatest bars to the 
recruiting service. For it may easily be conceived, that a high spirited young 
man, who wishes to embrace the Military life, will naturally shun the obscure 
name and duties of a Sdppgr and Aftasr, which to the people of England in 
general, are eithet unintelligible or unknown, and consequently uninviting; 
whilst, on the contrary, he would enter with alacrity, into a Corps bearing the 
title of Engineera^ the very name of which conveys an idea of superior respect- 
ability, even In the remotest hamlets of the Kingdom. As a proof of this, and 
indeed, as a thing not otherwise to be accounted for, the Corps of Royal Sappers 
and Miners, although a Ihvorite service, when it comes to be known, and wMch, 
If permitted, might obtain the finest Volunteers out of the whole Army, finds 
more difficulty in reornitlog In country quarters, than any other Regiment; 
and Is obliged, althougii Its present Establishment consists of only 7ff0 men, to 
put up with underslsed recruits, who wopld be rejected by the Guards, and 
Artillery, and indeed by many other Regiments. This evil, for such il^is, in 
any Corp^ having duties of so important and arduous a nature to perform, did 
not exist in the French Service, during the late Wars ; for the Troupes dn 
G4nie (literally Engineer Seldiere) of that Nation, as they were styled, were 
remarked as being the finest men in their Army, which, in fact, they ought 
to be in the Military Establishment of every State. In regard to the proposition 
k of having Engineer Drivers, in the British Service, which was under discussion 
five or six years ago ; that idea was abandoned after the breaking up of the Army 
pf Occupation then stationed in France; but It will of course become a neces- 
sary measure, in the e\ent of a new War of any magnitude; and there 
cannot be a better model than the present system Of Drivers in the Royal 
Avtillpry, formerly pecnliar to the Horse Artillery only, but lately rendered 
general thronghont the whole Corps, by order of the Duke of Wellington ; 
and which Is no doubt one of the greatest improvements that has been iutro- 
ducfOd inip that distinguished branch of the Military Service of the Country. 

Havlngnte noticed in one of my former notes, the great attention that has 
been paid iMr dump years4»ast,tiotb€ suldect of Military Bridges, by the Royal 
Engineer Department, 1 shall conclude by observing, that subsequently to the 
period of my former pablication, this important art has been carried to a much 
greater degree of perfection, in consequence of numerous experiments, tried In 
the' violent current of the Medway, below the arches of Rochester Bridge. There 
the old English Pontoon was entirely swamped and carried away, and the pier 
of casks, although Incapable of sinking, was forced head under water by the 
fury of the current, so u to become unserviceOhle. These untoward circum- 
stances led by degrees to a new construction, Which appears to have conqueied 
the difficulty. 

CMhm$ t5th af AprUy 1828. > 
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Little fortification, mean fortification, and great fortificationi de»^ , 
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Table IV. Showing the variations, produced in long fronts of fbr-' 
tification, by increasing the length of the faces of the bastbin% 
considerably beyond their usual proportions - - ^ * 882 
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The latter part of the Work, firom Chap. XVII, inclusive, will 
form VoL II. 



COURSE 

OF 

ELEMENTARY FORTIFICATION, 


The following Course is equally adapted for the purpose qf self 
instruction^ or for the use of a Teacher^ 

In studying it without the assistmce of a Master^ the Learner, 
oughty after reading each paragraph with attentioUf to write succes- 
sively all those words or phrases contained in it, which are printed 
tit capitals, hqfore he proceeds to a new paragraph. 

By this means, qfter going through every chapter, he will have 
before him a collection qf all the definitions or techsucal terms, that 
have been treated of m that portion qf the work* He should then 
lay aside the book, and read over isshat he has written. If he finds 
that he understands the whole of his terms, and that he eon readily 
point out, on the corresponding plan, section, or other figure, such 
lines, angles, ^c. as are denoted by them, he may then proceed to 
another chapter: but If he be deficient tn respect to any of the terms, 
he should refer again to the book, and make himself master of the 
whole of them, before he goes farther. 

In like manner, qfter drawing the plans, seetions, or other figures 
of fortification, contained in tmy part qf this work, he ought to 
examine himself in respect to the lines, angles, ^c. therein delineated. 
Each of these has its distinct name, which, is regularly explained. 
If therefore, on inspecting Ms figures, he meets with any line or 
angle, the name qf which he cannot recollect, he ought to return to 
the same chapter, and peruse it again U>ith greater attmgifip before 
he proceeds to another. 
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In instructing others^ the Teacher will readfrem the book^ in a 
clear and distinct manner, causing all the legmers to write down the 
words and phrases, printed in capitals, ineach successive paragraph, 
and also to draw 9 step bg step, t/w several lines, ^c,, directed to he 
drawn, until the whole figure, or construction, contained in each chap- 
ter, is completed'. At the same time he will, himself, write and draw the 
same phrases, and figures, as he proceeds, with chalk, upon a large 
black hoalrd, placed in a conspicuous situation, from which the 
tetSmers, who are not supposed to have the book before them, must 
copy. Be will inspect their performances after each step, until 
' the end of a chapter, after which he will examine them with minute 
attention, to see if they understand what has been done. 

In the construction of the plates, as contained in Chapters^, 
and xf 11, he will proceed in the same manner, excepting that it will 
*be un»ec0ssayfor him to draw any explanatory figures on the hoard. 

In shorl^^ii^f caching others, the system must be followed, which is 
amply evplaimd in the Course <f Praetieal Cheofnetry, published by 
the same Author ; to which any Teacher, who finds a difficulty in 
regulating the details of instruction, is recommended to refer; and 
which is also, like the present work, adapted to the purpose of self 
instruction. ' ' 

The learners must, of coutsb, understand somf thing of Practical 
Geometry, they commence this book; but ttispiopei to state, 

for the eneouraj^^kUyit of those, who have not previously studied it, 
that a complete knoifitedge of Practical Geometry is by no ?ncans 
necessary. For some of the simplest d^nittons, and some Jew, ngt 
perhaps exceeding ten ot twelve, of the most simple problems, such 
as drawing perpendiculars, and paraUei Hues, ^c., will 
ia a^lSpfficient ground work, to cnabJb them to comnience this Course 
^HSfeiientary Fortification. 

Each learner must be provided With a pair cf compcLSses, having 
one shifting or movable leg, besides a pencil point, and amink point, 
to te occisiCfnally used in lieu <f it. Also >a wooden ruler, and a 
right aAglfd triangle, Jbr drawing perpendicular and parallel linens * 
and he mdy^tis^a large ahte, not framed, if.ceonomy he an abjet t ; 
otherwUep^t^g$r is-prifisrable. The plgtes should always be diawn 
on paper. 
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CHAP. I. 

PRBUMlltf AkCY DEFINITIONS. 

Fortification is the art pf constructing mihtary whcthei 

offensive or defensive. * . 

Offensive foiRtification comprehends the various wo^ks, 
which are necessary for forwarding the operatioiis of a besiOgjingreisaiy. 

Drbensive FORTliFlCATiON comprehends such 
calculated to enable a body of inen> to defend Jbemselneiroigai^ift «fi 
greater number. Defensive fertifieation may consist of .per-* 

manent or temporaiy worfcs. ^ ^ ; 

Permanent W 4 >rks comprehend festinsses erected for the |iror. 
tection of cities, towns, naval and miUtaiy arsenals ; or for the purpose 
of occupying important roads, passes, or positions, which, if left open, 
would be favourable to the operations of an enemy^ ^ 

Permanent works are either built of masoiigjjpyL pf od^erwise ebn* 
structed in a substantial durable manner, as is iin^cftl by their name. 

The art of constructing works of this desciiptkm is caUed p aU p r l ? - 
nbnt fortification. 

Temporary works qr waho works 
as are thrown up in haste, during a campaign, to strengtbeu the 
position of an army, corps„ or dhfetpbmaDt. ^ 

The art of conslmotifigsueh werkswsaHed pibj4|^ei^|1’Hfic A'^ion. 

Permanent works are inclosed dll round {^Knd feom the strength 
of the obstacles, which they Oppose to an coemy, are such ae cannot 
be taken without a regular siege, provided that they are femished 
with a proper garrison and stores^ , * 

Field works, being generally ioteiukd to strengtben the poaitieii 
tipops drawn up in oader of iboMe, are often Idftopen or defemsekss 
in rear ; and from the hasty nature of their construction, ftiey ase 
^fiequently liable to be taken by sfeQrm^ , . 

The study of fortification ^ usually, divided into two disUpet 
blanches, elementary and practical. 

Elementary fortification tifemhes tiie method of ^mMwg 
a fortress according to certain rtdes^ proftoftidW* aAd dimensiotfs; be- 
sidos which it also includes the art of planningtbe operations df i siege. 
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Practical fortification teaches the nature and use of the 
various materials and implements used in constructing works, toge- 
ther with the quantity of eadii kind, that will be necessary : also the 
number of workmen reqttbdlk ^nd the best mode of distributing and 
* directing them : lastly to calculate the probable expense of a work, 
and the time likely to be required in finishing it with certain means. 

0 

In short: Elementary Fortification includes every particular relative 
to the plan of works ; whilst Practical Fortification embraces all 
details respecting the execution of them. The former branch requires 
more talent, but both are’ so intima||ely connected, tliat an Engineer 
cannot hope to succeed in planning woiks to advantage, without a 
knowledge of the executive part. 

In order to simplify the study of Fortification, it is always sup- 
posed, in the first instance, that the place to be fortified is situated 
on a level plain ; in which case, it will be evident, that the works 
ought to be of the same strength all round, and disposed according 
to some general and uniform plan. 

«ir 

A place thus fortified is called A regular fortress. 

CHAP. II. 

OF THE OUTLINE OF A REGULAR FORTRESS. 

A regular fortress is inclosed all round by a continued wall or 
RAMPART. 

The inclosing wall or rampart of a fortress is not 
built in a circular form. Or according to any continued curved line ; 
» hai imsually constructed with angular or projecting parts, at certain 
mt^als. 

w Tl^se projecting parts are called bastions. 

or prtgectiog parts of the wall of a regular fortross, 
tune Joined by other more retired portions, laid out in right lines. 

These retired and tight-lined portions of the walls of a regular 
fortress are called curtains. 
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The outline of a regi^lar fortress is, tlierefore, composed, 
partly of bastions, and partly of curtains. 

I shall now teach you to draw a bastion. 

The plan of a bastion is traced by four right lines joined 
together; of which two are called faces, and two are call^ 
FLAKKS. 

Draw a right line perpendicularly, that is to say, in 
a direction from the top towards the bottom of your i 
paper, to represent the left flank of a bastion- 

Draw a second line from the top of the former 
towards the right, and so as to form an obtuse angle 
with it. 

This second line is to represent the left face of the. 
bastion.. 



From the extremity of the left face of your 
bastion draw another line, sdso towards the right, so ^ 
as to form a right angle nearly. 


This third line is tanrepresent the bight face of the* 

BASTION. 


From the extremity of the right face of your 
bastion, draw another right line downwards. 


This last drawn line tvill represent the^ bight flank'^oI 
THE BASTION, which is therefore complete. 



Draw a second bastion, similar to the 
first, a little to the right of it, and lower 
down your paper. 




<'6 


elementary fortification., chap. II. 


Join the lower extremities of the 
. opposite flanks of your two bastions 
^ a right line. 

‘TTie last drawn line is called a curtain, as was before 
mentioned. 

Draw a third bastion to the left of the former, also a little 
lower than the first drawn bastion. 

Draw a curtain to con- 
nect it with the adjoining 
bastion. 

What you have now drawn represents part of the outiine of a 
fortified place, and, it must be evident, that by adding more 
bastions and curtains, you might produce the right and left ex- 
treimtiea of your figure, until they met each, other; so as to 
inclose a space, such as would be contained within the walls of 
a fortress. 

All the angles in the outline of a fortified place have their 
particular names. 

The angle, formed by fficTlOtvo faces of any bastion, is called 
THE SALIENT ANGLE OF THE BASTION. 




Mark the salient angle 
of your center bastion by 
a small arc. 

The angular point of the salient angle tof a bastion is some* 
times simply called the point op the bastion. 
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The angle, formed by a flank and a face of any bastion; is 
called THE anOle of the shoulder. 


Mark the angles of the 
shoulder of your right and 
left bastions. 



The angular points of the last-mentioned angles are sometimes 
simply called ^H£ shoulders of the bastion. 

M . ■■ 

Consequently &ere is the right shoulder of a bas- 
tion, and the left shoulder of a bastion. 


The angle, formed by the flank of any bastion and an adjoining 
curtain, is called the angle of the flank. 

Mark the angles of the 
flank of your center bastion. 

Rub out your marks. 

In addition to the lines shown in your present figure, it is con- 
venient, in drawing the outline of a regular fortress, to use a 
number of other lines, which do not actually appear on the ground 
when the work is finished. 

^p[bese unaginary lines are drawn in pencil, in constructing the 
pla^ of a fortress. Afterwards, in penning it with ink, they are 
either rubbed out or dotted. 

A line supposed to be drawn between the two angles of the 
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flank of any bastion, so as to inclose it in rear, is called tuk 

GORGE OF THE BASTION. 

Draw a dotted line to 
represent the gorge of your 
center bastion. 



The gorge of a bastion is sometimes also called the re- 
verse OF THE bastion: aiid in general the reverse of any 
work whatever signifies the rear of it. 


A line, drawn through the salient angle of any bastion so as to 
bisect it, is called the capital of the bastion. 


Draw a dotted line to 
represent the capital of your 
center bastion. 

Rub out the gorge of 
your center bastion, leaving 
the capital. 



The demigorges of a bastion are formed by pro- 
ducing the & ^joining curtains, until they meet the capital of the 
bastion. 

Draw the left demigorge 
of your center bastion. 



Draw the right demigorge 
of the same bastion. 
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Rub out the demigorges 
of your center bastion : 

And draw the capitals 
of the right and left bastions 
of your figure. 

The capital of a bastion divides it into two equal parts^ which 
are called demibastions ob half bastions. 

A FRONT OF fortification consists of any two oppo- 
site demibastions^ and one curtain, namely that which lies 
between them. 



Rub out the left face and left 
flank of your left bastion, and tlie 
right face and right flank of your 
right bastion. 



Two fronts of fortification now remain. 


Rub out one of them. 



One front only now remains, consisting of two demibastions, 
and one curtain, as was before explained. 

The continued wall or rampart, which incloses a regulat 
fortress all round, forms what is called the body of the 
f'^ACE, or main INCLOSXIRE. 

I 

The body of the place is suirounded by a diteb, which is called 
ths 'princifai. ob main ditch of the fortress. 
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In fortification, the interior side of any ditch; that is to say, 
that side or boundary of it^ which ‘is nearest to the center of the 
fortress, is called the scarp. 

But tjie exterior side of a ditch, that is to say, that side or 
boundaiy of it, which is nearest to the country, is called the 
COUNTERSCARP. 

Small works, called ten ails, are usually constructed in the 
main ditch of a fortress, in front of, and near to, the curtains of 
the body of the place. 

A tenail consists of two faces, which form an obtuse angle in- 
wards, or towards the center of the fortress. 

Draw two lines, forming an obtuse angle 
downwards, to represent the right and left 
FACES OF A tenail. 

A tenail has two demigorges in rear of and parallel to the 


nearly, to represent the demigorges of 
THE tenail. 

Join tlie .opposite ends of these parallels by 
right lines. 

The last drawn lines form what arc called the extremities 

0"F THE TENAIL. 

Your tenail is now complete. It has two faces, two demi- 
gorges, and two extremities. 




fines near the former, below them, 
ta:ltuaai, and of the same length 
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The angle formed by the two faces is called the reenter- 
ing ANGLE OF THE TENAiL: and, generally speaking, all 
angles, in fortification, which point inwards or towards the cen- 
ter of the fortress, .are called reentering angles. 

Sometimes the faces of a tenail are not produced until they 
meet, but are joined by a third line, which is called the curtain 
OF the tenail. 


Draw the front of a new tenail, with two 
faces and a curtain. 



Draw lines parallel to and in rear of the 
former, to represent the reverse of your new 
tenail. 



Draw the extremities of your new tenail. 



The4enail, which you have now drawn, is called a 
with a curtain. 

A tenail with two faces only, such as you is called 

A SIMPLE TENAIL. a 


Besides .the tenail, there are usually some detached works, 
advanced beyond the main ditch of a fortress, which, from that 
circumstance, are called outworks. 

I'he most simple and common kind of outwork in use is called 

A RAVELIN. 


A ravelin has two faces forming an angle outwards, or towards 
the country. 
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Draw two lines fpnning an angle upwards, to 
irepreseut the bight and left faces of a 

BAVELIN. 

The angle, formed by the two faces of a ravelin, is called the 
salient angle of the ravelin : and generally speaking, 
all angles in fortification, which point outwards or towards the 
country, are called salient angles. 

The angular point of the salient angle of the ravelin is also 
called the point of the batelin. 

In addition to its two faces, the ravelin has also two demigorges, 
which form a reentering angle, that is to say an angle pointing 
inwards, as was before explsuiied. 



Draw two lines to represent the bight and 
left demigobges of the ravelin. 



,The capital of a ravelin is an imaginary line sup- 
posed to bisect it, and passing through the salient angle. 


Draw a dotted line to represent the capital of 
ravelin. 



It is to be observed that the term “ capital” is not confined to 
bastions and ravelins only : it may also be applied to other works 
of fortification, and always signifies an imaginaiy line, passing 
through the salient angle of a work, and bisecting or nearly 
bisecting it. 



18 


.THE OUTLrirE EXPLAINED. 

In like manner, die terms “ goi^” and “ demigor^/’ mdy bd ap- 
plied to other works of fortification, besides those which have been 
above described ; it being observed, that they always signify lines, 
which are supposed to inclose the work in rear or in reverse. 

The ravelin, w^hich you have just drawn, is called a simple 

RAVELIN. 

Sometimes the two demigorges of a ravelin arc not produced 
till they meet ; but the reentering angle is cut off by a right line 
perpendicular to the capital. < 

Draw a right line accordingly to cut off the reen- 
tering angle of your present ravelin. 

Rub out the superfluous parts of your former 
demigorges: rub out also the capital of your rave- 
lin : and the ravelin will be complete in its new 
form. 

The last drawn line is called the break at the gorge 

OF THE RAVELIN. 

Sometimes a ravelin has small flanks, which are made parallel 
to the capital or nearly so. 

Draw two lines, accordingly, to represent the 
flanks of your ravelin. 


Rub out those lines of your present figure, which 
will l]^come superfluous after the flanks are drawn. 






The figure of A ravelin with flanks is now complete. 
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Ravelins without flanks are esteemed the best. 

The ravelins of a fortress are always placed before the curtains, 
and beyond the main-ditch ; consequently they stand immediately 
in front of the tenails. 

In a regular fortress, there is not only the main ditch surrounding 
die body of the place ; but there are also ditches in front of the 
ravelins and other outworks. 

The ramparts of the body of the place are usually raised 
higher than those of the outworks ; and the main ditch is in like 
manner almost always broader, and sometimes deeper than the 

DITCHES OF THE OUTWORKS. 

Beyond the ditches of a fortress, there is usually a narrow space 
left all round, which agrees with the natural level of the original 
ground nearly. 

This space is called the covered way. 

Immediately beyond the covered way the earth is raised to such 
a height as to protect a man standing in it (that is to say in tlie 
covered way) against distant shot fired from the country. 

This elevated part in front of the covered way is called the 
• GLACIS. 

The glacis, which is higher than the natural level of the ground 
on one side, falls off with a gradual slope towards the country on 
the other side, until it meets the said ground level. 

To recapitulate : a regular fortress has walls or ramparts, and 
ditches. There are the ramparts of the body of the place, and the 
ramparts of the outworks. In like manner there is the mmn ditch. 



THE SECTION EXPLAINED. 15 

that is to say the ditch of the body of the place, and the ditches 
of the outworks. Beyond the ditches is the covered way; and 
lastly the glacis. 

The nature of these works will best be understood, from the 
consideration of their section or profile, which I shall next proceed 
to explain. 


CHAP. III. 

OF THE SECTION OR PROFILE OF THE VARIOUS PARTS 
OF A FORTRESS. 

The first line drawn in every section or profile is the ground 
line, which is intended to represent the natural surface of the 
ground, upon which the fortress is constructed.. 

In the section of a regular fortress, this line is always supposed 
to be perfectly level, or horizontal. 

Draw a line across your paper to represent the ground line 
of your section. 


In the section of every regular work, there is the rampart, ditdij 
covered way, and glacis. 

The rampart has an inside, a terreplein, a parapet, and a 
scarp. 

The inside or back of the rampart, being generally of eardi, 
has a slope, which is called the interior slope of the 
RAMPART. 
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Tbe interior slope of the rampart has a base and a height. 


Mark the base of the interior slope, upon your ground line, by 
two points. « 

— ^ 1 . — 

Represent the height of your interior slope by a perpendicular 
nosed above the ground line, from the second point. 


-H 1 

Draw an oblique line between the first point and the top of the 
above perpendicular. 


The line last drawn represents the interior slope of your rampart. 

\ 

Tlie terreplein is the level part or terrace of the rampart, upon 
which the guns and mortars, destined for the defence of the 
fortress, are placed. 

It commences immediately in front of the interior slope of the 
rampart. 

Mark the extent of the base of your terreplein, upon the ground 
line, % a point. 

H ; 



The terreplein is made a little higher in front than in rear, to 
prevent rain water from lodging upon it. 
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Reprint the be^t of joar tarrepleia in fronts bje nufk^ a 
perpendicular from the above point, 

L_ 

Draw' a right line, connecting the top of this perpendicular, and 
that of the interior slope of the rampart. 



The last drawn line will represent the terreplein of your 
rampart. 

The parapet is a breast work, constructed upon the front 
of the rampart, and raised to a certain height, to protect the 
men and guns, placed upon the tenreplein, against an enemy’s 
fire. 

The parapet has an inside, a top, and an outside. 

The inside of the parapet generally has^a slope, which is called 
the interior slope of the parapet. 

Represent the height of your parapet above the front of the 
terreplein, by a vertical line ; or, in oAer words, one which is 
perpendicular to the ground line of your figure. 

This is done by producing upwards that perpendicular, which 
: shows the height of the terreplein in front 



c 
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Represent the base of the interior slope of your parapet^ by 
marking a point upon the terreplein, at a short distance in rear of 
the last drawn line. 



Draw THE INTERIOR SLOPE OF THE PARAPET. 



The top of the interior slope of the parapet is called the 
interior crest of the parapet. 

Sometimes«it is simply called THE crest of the parapet. 

From the crest of the parapet draw a horizontal line, outwards, 
to represent the thickness of the parapet at top ; it being of course 
understood, from what was said before, that every horizontal line, 
in the section of a regular fortress, is supposed to be parallel to 
the ground line. 



The top of the parapet has a gentle slope from the crest down- 
w'ards, which is called the superior slope. 

Represent the height of the superior slope of the parapet by 
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dropping a perpendicular from the extremity of the last drawn 
line. 



The height of the superior slope of the parapet is also called 

THE DIP OF THE PARAPET. 

Draw THE SUPERIOR SLOPE OF THE PARAPET. 



The outside of the parapet has a slope which is called the ex- 
terior slope of the parapet. 

Produce the dip of the parapet downwards to a certain extent, 
to represent the height of the exterior slope of the parapet. 



From the foot of this produced line, draw a horizontal line, 
outwards, to represent the base of the exterior slope of the 
parapet. 
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Draw THE EXTERIOR SLOPE OF THE PARAPET. 



On ihat part of the terreplein, which is immediately behind the 
parapeti there may either be gun and mortar batteries, or a ban- 
quette. 

The BANQUETTE is a foot bank for the troops to stand upon, 
when -they fire over the parapet with small arms. 

Represent the level of the banquette by marking a point, ou 
the interior slope of the pampet. 


From this point draw a line backwards, which may be horizon- 
tal or nearly so ; in order to represent the breadth of the banquette. 



This line is called THE tread of the banquette. 

$■ 

Represent the height of the banquette in rear by a vertical line. 
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The banquette has a slope in rear. 

Mark the extent of the base of this slope, upon the terreplein, 
by a point. 



Draw THE SLOPE of the banquette. 





Those lines in your figure, which represent the base or height 
of any slope, are all imaginary lines, which in a finished section 
would either be rubbed out or dotted. 

Part of the terreplein, and of the interior slope of the parapet, 
also become imaginary lines, in a section, after the banquette is 
drawn. 

Rub out all the imaginary lines in your present figure, excepting 
the ground line, which is necessary for our further operations. 



Here it may he observed^ that in drawing sections or plans of 
works of fortification^ it is seldom utual to rub out any of the 
imaginary linesy which are usrful in the constructiony until the 
whole of the outline is finished in pencil. 

^ In this book a different system is followed, a part qf the 
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imaginary lines being generally rubbed out, before the whole of 
any proposed figure is completed. This has been done for the sake 
of clearness. 

I before stated that the top of the interior slope of tlie parapet, 
which is the highest ridge of it, is called the interior crest 
OF THE PARAFET. 

In like manner, the top of the exterior slope of the parapet, 
is called the exterior crest of the parapet. 

A parapet therefore has two crests or ridges. 

But whenever the term crest of a parapet ” is used without 
particularly specifying which of the two, the interior crest of the 
parapet is always to be understood, as may be inferred from what 
w^as before observed; it being the highest and most conspicuous 
ridge. 

The outside or front of the rampart is called the scarf. 

The scarp may either be reveted or not. 

When the scarp is said to be reveted, it implies that it is faced 
widi masonry or brickwork ; and the wall, which is built for that 
purpose, is called the scarp revetment. 

Between the foot of the exterior slope of the parapet and the 
front of the revetment, a small margin or level space is generally 
left, which is called a berm. 

Draw a horizontal line outwards to represent the berm. 
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From the extremity of the berm, drop a perpendicular, ihter* 
secting the ground line, in order to represent the height of the 
scarp revetment. 



This being the principal perpendicular in the scarp, is called 
THE SCARP LINE. It is supposed to terminate on the same 
level with the bottom of the ditch. 

Draw a horizontal line, outwards, from the foot of the scarp 
revetment, to represent the level of the ditch. 



The scarp revetment has a slope. 

Mark the extent of the base of this slope upon the last drawn' 
horizontal line. 
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Draw THE SLOPE OF THE SCABP EEVETMENT. 



The scarp revetment has an offset as its foundation. 
Mark the offset. 



Draw a line to shew the depth of the fottnoation 
OF the scarp revetment, by dropping a perpendicular from 
the extremity of the offset. 
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Draw a horizontal line to represent the bottom of die foun* 
dation. 



Draw also a horizontal line to represent the top of th6 scaip 
revetment^ part of which will agree with the berm. 


Z 


Draw a vertical line to represent the back of the scalp revet- 
ment. 




The scarp revetment usually has a cordon. 

The cordon is an upper course of cut stone, projecting a litde 
beyond the rest of the wall, in a semicircular form. 
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Mark the height of tlie cordon, upon the scarp line produced 
upwards^ 



Draw the front of the cordon, by describing a semicircle upon 
the above produced line. 



Draw the top of the cordon : and rub out the lower part of the 
exterior slope of the parapet, if it interferes with the cordon. 



THE SECTION EXPLAINED. 
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Draw the back of the cordon, which w^e shall suppose not 
to extend quite so far as the back of the revetment. 



Rub out the imaginary lines in your cordon and scarp revet- 
ment. 



It is to be observed, that that course of masonry which forma 
the cordon, is not always built in the manner represented in your 
present figure, but is often made to extend as far back as the rest 
of the revetment, and the latter is of course the strongest method. 


At the back of the revetment, there arc generally counterforts 
OR nuTTRESSES to Strengthen it, built at certain intervals from 
each other. 

The counterforts are not alw^ays made quite to high as the revet- 
«ment. 
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Mark a point upon the back of the revetment, a little lower 
than the top of it, to shew the height of the counterfort. 




Draw the back of the counterfort. 



Draw the bottom of the counterfort, by producing, backwards, 
the bottom of the foundation of the revetment. 
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Mark a point on your ground line to shew the breadth of the 
ditch. 



It was before explained that the interior side of the ditch^ in for* 
tification^ is called the scarp ; and that the exterior side of it 
called the counterscarp. 


Represent the height of the counterscarp by dropping a perpen* 
dicular^ from the point last marked, to meet the bottom of the ditch. 



This perpendicular in the section, agrees with the counterscarp 
line in the plan of a fortress. 

The counterscarp has also a revetment, similar to the scarp 
revetment, which you have just drawn. 

Mark the extent of the base of the slope of the counter* 
SCARP REVETMENT by a point. 
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Draw tlie slope of the counterscarp revetment. 



Mark the offset of the counterscarp revetment. 



Draw a line to show the depth of the foundation of the counter* 
scarp revetment. 



Draw the bottom of the foundation of the counterscarp revet* 
fnent. 
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Mark the thickness of the counterscarp revetment at top. 





Draw the back of the counterscarp revetment. 




The counterscarp revetment usually has a coping, or upper 
course of cut stone projecting a little beyond the rest of the wall. 

The coping of the counterscarp projects or over-, 
hangs about six inches in a rectangular form. 
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Mark the height of the coping upon the alope of the counter- 
scarp revetment, a little below the ground line. 





Itew die bottom of die coping. 


ss 
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Rub out that part of ^iir origiiud counterscarp revetment, 
which becomes superfluous after the coping is drawn. ^ 



Sometimes the coping does not extend the whole breadth 
of the revetment. Let us suppose this to be the case in the 
present instance. 

Draw the back of the new coping at a little distance from the 
back of the revetment. 



Rub out that part of the revetment, which now becomes su- 
perfluous. 



yoi . 3 > 
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The counterscarp revetment may be strengthened by counterforts 
•r buttresses, which are similar to those of the scarp. 

Draw a rectangle to represent a counterfort of the 
* COUNTERSCARP, making the top of it a little lower than that of 
the revetment, which it is intended to strengthen. 



Mark the breaddi of your covered way upon the ground line, by 
a point. 



The covered way usually has a gentle slope frpm front to rear 
to carry off «ain water. 

From the point, which shows the extent of your covered way, 
raise a short perpendicular to represent the height of the said 
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Draw THE fLOSB OF* THE OOV^ERED VfAY, ai4 Tt^ 
top of the coping a little, so as to agree with the slope. 



In front of the^ covered way is the glacis, the back of which, 
being raised to a certain height, serves as a parapet for the covered 
way. 

Represent the height of THE parapet of the covereje 
WAY by a vertical line. . 



Mark a point upon the covered way, to show the extent of the. 
base of tlie interior slope of the parapet. 
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Draw the interior slope oC the parapet of the cdpered way* 



The crest of the parapet of the covered way is also called the 
CREST OF THE GLACIS; aiid this lattcf term is commouly used 
in preference to the former. 

The parapet of the covered way has a banquette in rear of it, 
similar to that of the rampart. 

Mark the level of the banquette of the covered way. 

Draw the tread of the banquette. 

Represent its height in rear by a vertical line. 

And draw its slope; all of which operations must be performed 
in the same manner that was before described, in treating of the 
former banquette. 



The banquette op the covered way is now com- 
plete. 


SECaitClN ^EXPLAINED. 
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Rub out all tbe imaginaiy lines of the parapet and banquette 
of the covered way; leaving only that perpendicular, which diowa 
the height of the creaf of the glacis. 



Mark the breadth of d&glacb upon your ground line ; measuring 
from the foot of the above perpendicular, outwards.* 



This distance shows the extent of the slope of the glacis, wfaidi 
is continued regularly from the crest outwards, until it meets the 
natural level of the ground. 

Draw THE SLOFE OF THE GLACIS. 



* Tbe following figures are' done on a smaller scale dian the former ones, 
in order not to exceed the width of the page. 
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The point, where the slope of the glacis tennioates, is called 
THE FOOT OF THE OI^ACIS. 


All that part of the ground line, which is comprehended between 

the bottom of the interior slope of the rampart, and the foot of 

the glacis, now becomes an imaginary line ; and must either be 

rubbed out, or dotted, in a finished sectiop. 

* 


Dot the above-mentioned part of your ground line : 

And rub out that line, which represents perpendicular 
lidght of the crest of your glacis. 



Rub out your dotted line. 


On the front of the banquette of the covered way, there is a 
row of palisades planted. 


Palisades are strong wooden stakes, driven into the ground 
vertically or nearly so, a few inches apart. They are generally 
made of ' oak, or hard wood, seldom less than 6 -inches thick, 
and of such a height as to form an obstacle to troops. The 
palisades of. ^ covered way are either made of the same height as 
the cre^,t of tlm glacis, or a little higher. 

Draw THE PALISADE OF THE covEKED WAY, representing 
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the thickness of it by two pfu^el vertical lines, except at top, 

where it must be jpbinted.'. 



The ditch, in its present form, represents a dhy ditch. 
Sometimes the ditch may be wet, or partly filled with water. 

Draw a horizontal line to represent the surface of water in 
A WET DITCH. 



You will hai^e observed, that the covered way is nearly on the 
same level as the original ground, on which the fortress is sup- 
posed to be constructed : but that the ditch is sunk below this 
level ; whilst the rampart and glacis are raised above it. 

In planning a fortress, it therefore becomes a matter of impor- 
tance, to make the ditches of such dimensions, that the rubbish, 
excavated from thence, may just be sufficient for forming the 
elevated parts of the rampart and glacis. 

If this rule is not attended to, it may be necessary, eitlier to 
bring a considerable part of the materials for finishing the ramparts 
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and glacis from a great distauce; or id Ct^ tbe dOperfiuoai 
rubbish from the ditches into the country, ihs^^ of behqg able to 
use it on the spot : in either of which cases, a needless loss of time, 
labour, and expense will be incurred. 


Sometimes instead of a semicircular cordon for the scarp revet- 
ment, a simple coping is used like :',that of the counterscarp. 
Sometimes both cordon and coping aie dispensed with. Some- 
. times also the' counterscarp revetment is not continued quite so 
U^^.as the level of the covered w^y. 

WSike may also be several other variations in the profile of a 
fortified place, ^which shall be noticed liereaflera. 


CHAP. IV. 

GI’ THE USUAL MODE OF CONSTRUCTING THE OUTLINE 
OF THE PLAN OF A REGULAR FORTRESS.— COUNTER- 
FORTS AND TRAVERSES FURTHER EXPLAINED. 


In drawing the outline of the plan of a regular foitress, the first 
thing necessary is to describe a regular polygon, inclosing the town 
or spot of ground which is to be fortified. 

The nature of the polygon will depend upon the size or 
extent of the place or position, that is to be fortified. Fur instance, 
a small town may be fortified by a hexagon or figure of six sides ; 
whereas a large town or city may require a decagon or figure of 
ten sides, or even more. 

The smallest regular work in use is a square fort. 

Tlie next to this is a pentagon. > 
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constructed. 


TAe squane and pentagon wte used only for citadehj or for tfa* 
defence of posts, qf secondary importaace. 


After the polygon id described, all regular fortresses are con- 
structed nearly in the same manner^ each front of the fortress being 
made to correspond with a side of the polygon. 


Let us suppose that the fortress to be represented is a regular 
hexagon. If we construct a half hexagon, it will explain the 
matter equally well. 

Take a half sheet of large paper, and turn one of the long sides 
of the paper towards you. 

Draw a right line across your paper near the bottom of it. 

Upon this line, with a 
radius rather less than one 
third of the breadth of the 
j)apGr, describe a semicircle, 
the center of which must agree 
with the middle of the paper. 

% 

In this semicircle describe a 
half hexagon, to represent part 
of the polygon that you propose 
to fortify. 




/ The three sides of the half hexagon are called the exterior 

FIDES OV THE POLYGON. 
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.The angles^ formed by the exterior sides, are called ex- 
teeiob angles of the polygon. 


Mark the exterior angles of 
the polygon, that are shown in 
your present figure. 


Rub out your marks. 



From the center of your half 
hexagon, draw radii to the 
two exterior angles of the 
polygon, which are shown in 
your figure. 



The angle, formed by any two adjoining radii, is called an 
interior angle of the polygon. 


* Mark the interior 

ANGLES OF THE POLYGON, 
represented in your present 
figure. 



The interior angles are also sometimes called the angles 

AT THE CENTER OF THE POLYGON* 
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Rub out the seniicircuiii^ 
ference, ,the two last drawn 
radii, and the marks of the 
interior angles of your polygon. 
The half hexagon, and dia- 
meter only will remain. 



We shall now proceed with the construction. 


Bisect each of the exterior 
sides of your polygon. 



From the middle pf each 
exterior side, drop perpen- 
diculars, inwards, of a given 
length ; for instance let these 
perpendiculars be one sixth of 
the exterior sides. 



On examining the Jigvre, it will be found that the per- 
pendiculars are more than one siV/A of the exterior side, notwith- 
standing the above direction. The same deviation from the rules 
given in the text will be found in some other parts of this book. 
The reason is, that the fgures, in general, being on a very small 
scale, the various parts represented would not be sufficiently clear^ 
if the whole of them were ffiways drawn according to their just 
proportions. But wherever there is any variation of this nature, 
the learner is recommended to fallow the directions contained in 
tiL text, making his figures as much larger than those in the book, 
al he may find convenient* 
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When "the peepenpiculaes,” arc meiitionedi in describing 
a system of fortificatioii>.!it always implies |tfae lines which you 
have just drawn, unless any thing to the coiiUary is specified ; be- 
cause although there mAy be many otlier lines perpendicular to each 
other, in the plai^.of a fortress, these are the principal perpendicu- 
lars, and of most uanlii the construction. 

From the adjoining exterior 
angles of the polygon, draw 
lines intersecting each other 
at the foot of the perpeiidi 
culars. 



These lines are called the lines of defence. 


The salient angles, formed by these last drawn lines, correspond 
with the salient angles of the bastions of your fortress. 


Upon the lines of defence, 
measure a certain distance from 
the salient angles on each side ; 
and mark points for the should- 
ers of your bastions. For in- 
stance, let the distance set off 
sides. 



be about one third of your exterior 


Take in your compasses the 
distance between the salient 
angle of one bastion^ and the 
shoulder of an adjoining one ; 
and from each of the salient 
angles as a center, with the above radius, make intersectiens 
upon those lines of defence which are draXvn from the same point. 
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The points last marked will diow^ position of the angles of 
the flank. 

By joining the various points in the lines of defence, yon will 
have the flanks of your bastions and the curtains. 


Draw THE FLANKS. 



Draw THE CUKTAINS. 



The lines of defence, properly speaking, extend only from the 
angles of the flank of any bastion to the salient angles of the 
adjoining bastions. 

The body of the place of your half hexagon is now complete. 
It consists of three fronts of fortification ; each front, as was before 
observed, being composed of two demibastions and one curtain. 

Rub out your perpendiculars. 


Rub out also those parts 
of your lines of defence, which 
will necoine iniaginaiy lines, 
after the bastions are drawn. 
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Hie angles, comprehended between the exterior sides of the 
polygon, and the faces of the bastions, are calM the dimin ishbd 

ANGLES OF THE POLYGON. 


Mark the diminished angles 
of your polygon. 



Rub out the marks of the diminished angles; and dot the 
exterior sides of your polygon. 

Draw the capitals of your bastions ; an(l dot them. They will 
of course agree with part of die radii of the polygon, which you 
before drew. 

Represent the demigorges 
of your bastions by producing 
the curtains, till they meet the 
capitals on each side of them : 
and let the demigorges also be 
dotted . 

The right line, which is composed of one curtain and two 
adjoining demigorges, is called an interior side of the polygon. 

There are three of these lines in your present figure ; and they 
are called the jnteeior sides of the polygon, because 
if you examine attentively, you will observe that they form a rqgu- 
larhalf hexagon, or figure exactly similar to* that which is formed 
by the exterior sides. / 

r 

When the exterior sides of the polygon are first drawn, in tlie 
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manner^ that we have foltovred in^’die above construction; this la 
called FORTiFYiNQ inWaeds ; because the whole of the body 
of the place comes within the original polygon. 

But when the interior sides of the polygon are first drawn in 
any plan^ and the other lines are marked off afterwards; it is 
called FORTIFYING OUTWARDS; bccause iu this case, the body 
of the place comes without your original polygon. 


Rub out all imaginary lineSj 
that is to say all the dotted 
lines in your plan* 



The remaining lines (not incl^iding of course die diameter of 
your original semicircle) will represent the outline of the 
BODY of the place of a regular half hexagon. 

This is called the master line of the fortress; and 
it corresponds with the scarp line, in the profile or section, 
which was before explained. 

SoiTictimes it is also called the cordon line, because it' 
agrees nearly with the front of die cordon of the scarp revetment. 

We shall next proceed to draw the mmn ditch of our fortress. 

The number of fronts in the book will now be reduced from 
three to one^ which will be drawn on a larger scale^ m order that 
the remaining figures may not appear too explicated. 

But the Teacher may^ if he thinkr^proper, came the Learners to 
eominite to construct their figures mth three fronts; and without 
ehangmg'their scale* 
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In that case, he will make thent pass over a part of the 
succeeding paragraphs, until the body of the place of the new 
figure consisting only of one front is supposed to be constnicted ; 
proceeding at once to that paragraph in page 51, which com-- 
mences thus, The main ditch, or ditch of tlie body of the 
place,” 4rc. 

If the Teacher should however think it expedient to make the 
TiCarners construct one front on a large scale, before they draw a 
complete half hexagon ; he may then, instead of omitting any 
part of the succeeding paragraphs, go on with the whole of them 
in regular order, as follows. 


Draw two radii to divide 
the center front of your half 
hexagon, from tlie two other 
fronts. 



Rub out yourtwo extreme fronts, 
leaving only the center front, with 
the radii which bound it. 



Your figure in its present . state represents one front only of a 
hexagon ; but as the several fronts of a regular fortress are exactly 
alike ; if you know how to construct one, it will be a sufficient rule 
for all the others. 

We will, therefore, construct one complete front only of a 
regular fortress, previously rubbing out our present figure, and 
commencing another, on a larger scale, for the sake of clearness. 
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Draw a right line to represent' 
the exterior side of one front * of 
your new figure^ on a larger scale. 


We shajl next draw a part of the two radii of the proposed 
front : it being unnecessary to draw the whole of them. 


Divide your exterior side into 
three equal parts. 


The angle formed by the exterior side .of a hexagon^ and either 
of its radii, is equal to the angle * formed by any two sides of an 
equilateral triangle. 


In order to find a part of the 
radii of your proposed front, you 
will therefore construct an equi- 
lateral triangle, on the two extreme 

parts, that is to say, on the first and third divisions, of your ex- 
terior side. 



Rub out those two opposite 
sides of your equilateral tri ang les, 
which are nearest to the middle 
of the exterior side. 




\ 

^ur figure, in its present state, represents the exterior side of 
one^ront of the polygon, and a part of two radii, such as were 
shovjrn in one of your former figures, but on a laiger scale. 

VOL. 11^ E • . 
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Bisect jour exterior side, ac- 
cordii^ to the rule before ex« 
plained: drop a perpendicular 
from the middle of it; and make 
the perpendicular equal to one sixth of tlie exterior side. 



From the extremities of your 
exterior aide, draw tire lines of 
defence, intersecting each other 
at the foot of the perpendicular. 



From the extremities of your 
exterior side, which represent die 
positions of the salient angles of 
two bastions, mark a given dis^ 
tance on the lines of defence ; I 
one third of the exterior side. 



The points last marked will represent the ahoiildets of the 
bastions. 


You will next take in your 
compasses the distance between 
die salient ai^Ie of one bastion, 
and the shoulder of the otiier, 
and from each of the salient angles, as a center, with the above 
radius, make an intersection upon that line of defence, which is 
drawn from the same point 



The new points thus found will show die angles of iA flank, 
as was before explained. 


# 



Draw your flanks. 
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Draw your curtains. 



The body of the place of one front is now complete, on a 
larger scale than before. 


We shall next proceed to draw the main ditch. 

The following directions apply either to the finishing of the 
outline of one front of fortification, such as is represented in your 
present figure ; or to several, as for instance, to a figure with t()ree 
fronts, such as the outline of the half hexagon, which you before 
drew. 

The main ditch, or ditch of the body of the place, is 
bounded by the scarp and counterscarp. 

The scarp line has just been drawn : it remains to draw the 
counterscarp. 

The counterscarp is made circular, opposite to the salient angles 
of the bastions. 


From each salient angle as 
a center, with a given radius, 
as for instance, one half of 
your perpendicular, describe 
arcs outwards towards the 



country. 


the learners are continuing their former half hexagon: 
^store your original perpendiculars in each front, and produce 
then) outw'ards. 
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If the learners are drawing one front only^ according to the 
figures immediately preceding : 

Rub out all imaginary lines 
except 3^our perpendicular, 
and your two radii, which you 
will -produce outwards. 

The straight parts of your counterscarp, which commence 
where these circular parts £nish, are generally directed towards 
die shoulders of the neaiest bastions. 

From the shoulders of 
every bastion, draw tangents 
to the above arcs. 


Rub out the superfluous 
parts of the arcs, and of the 
counterscarp lines; that is 
to say those parts of the 
last drawn lines, which are 

between the shoulders of the bastions, and the point of intersection 
of these lines; 

The form of the countehbcarp of the body of the 
PLACE is now complete ; as also that of the main ditch. 

Upon each perpendicular 
produced, • mark a point at 
a given distance from the 
reentering angle of the coun- 
terscarp. 'Let this distance, 
for instance, be equal to the 
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The points just marked, show the position of the salient angles 

of THE RAVELINS. 


Upon each of the faces of 
your bastions, mark a point 
near the shoulder, at a given 
distance. 



Draw right lines, from the 
points marked on each pro- 
duced perpendicular, to those 
M'hich are marked on the 
faces of the bastions of the 
same fronts. 



Rub out the superfluous parts of your last drawn lines, that is to 
say, those parts of them which cross the main ditch. 


The faces of your ravelins 
will then be complete. 





Rub out; the capitals of your ravelins. 

The ravelins have ditches and counterscarps. 
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That part of the coun terscarp of THE ravelin, \vhich 
is iaiiiiediaiely iu front of the salient angle, is made circular. 

From the salient angle of 
each ravelin, as a center, 
with a given distance as a 
radins, foi instance, about two 
thiids of the width of the 
main ditch, measured at the 

salient angles of the bastions, describe an arc outwards. 

Draw tangents to each arc, 
paraiiei to the ftcvs of the 
ravelins, and produce them 
till they meet the counter- 
scarp of the body of the 
place- 

The main ditch and the ditches of the ravelins 
communicate with each other. 

Rub out therefore the su- 
peiduous parts of your 
original counterscarp, as also 
of the last described aics. 


Draw the break at the 
goi^e of the r^jieliD, in every 
front. ^ 
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Rub out those parts of 
the demigorges of jour, rave- 
lins, which become super- 
fluous after the breaks are 
drawn. 

The oudine of the counterscarp of a regular J^nt^lrf’^ecation 

ith is now complete, 

a ravelm ^ 

The covebed way is bounded bj the counterscarp and 
glacis. 

That side of the glacis, which is next to the covered wiqr, is 
called the crest of the glacis, as was before explained in treating 
of tlie profile of a regular fortress. 

The crest of the glacis is drawn parallel to all the faces of the 
counterscarp, at a given distance; but these parallels are produced 
till they form salient angles without being rounded off like the 
salients of the counterscarp. 

Let us suppose that the breadth of the covered waj is to be 
about one third of the breadth of the main ditch. 

The most convenient mode of drawing tlic crest of the glacis, 
is first to describe arcs, at a given distance from all the reentering 
angles of the counterscarp. 

You will therefore, from 
e^ch reentering angle of your 
cd^mlerscarp as a center, with 
a radius equal to one third of 
the breadth of the main ditch, 
describe arcs to show the 
extent of the covered way. 
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Draw tangents to these 
arcs parallel to all the faces 
of the counterscarp. 



Rub out your arcs^ and 
the superfluous parts of 
your tangents. 



Any part of the covered way, which is more spacious than the 
rest of it, is called a place of arms. 


Those parts of the covered way, which are in front ,of the 
salient angles of the bastions and ravelins, being more spacious 
than the rest of it, are therefore places of arms, and from their 
position they are called the salient places of arms of 
THE COVERED WAY. 


Here the J^eacher will cause the Learners to mark the salient 
places of arms of the covered way and afterzmrds to rub 
out the marks.” 

There are reentering places of arms, that is to say, 

spacious parts near the reentering angles of the covered way. 
These are not yet drawn. 
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The reentering places of arms have two demigorges and two 
faces. * 

The demigorges are marked by setting off a given distance upon 
the crest of the glacis, on each side of the recnlcving angles. 

Let us suppose the length of the demigorges to be equal to the 
breadth of the main ditch nearly. 

You will accordingly 
mark the demigorges of 
the reentering places of 
arms of the covered way, 
at the above distance, on 
each side of the reen- 
tering angles of the 
covered way. 

Take in your compasses a distance a little longer than one of 
the demigorges, for instance, about one tenth longer; and let 
this represent the length of the faces of your reentering places of 
arms. 



With this distance as a 
radius, from the extremities 
of each pair of demigorges 
^ as centers, ' describe arcs 
intersecting each other to- 
^ wards the countiy. 



The points of intersection, thus found, the position of 
tlie salient angles formed by the faces of the r^ntering places of 
arms. 
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From each of the above 
points of intersection, you 
will therefore draw right 
lines to the extremities 
of the demigorges. This 
being done, rub out the 
small arcs, which will then 
become superfluous. 



Rub out also those parts 
of the original crest of your 
glacis, which will become 
superfluous, after the re- 
entering PLACES OF 
ARMS OF THE COVERED 
WAY are drawn. Rub out 
also the superfluous parts of the faces of the said reentering 
places of arms ; namely that part of each face which crosses the 
covered way. 



The long faces of the covered way are called branches ; and 
take their names from the work immediately behind them. 

For instance, l?'ore arc two branches of the covered way, in 
front of every bastion of a regular fortress. 


One of these is called the right branch of the ‘ 

COVERED WAY OF THE BASTION. 

The other is called hie left branch of the covered^ 

W'AY OF THE BASTION. 

There are also two branches of the covered way in front of 
every ravelin of a regular fortress. 
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One of these is called the right branch of the 

COVERED WAY OF THE RAVELIN. 

« 

The other is called the left branch of the covered 

WAY OF THE RAVELIN. 

The foot of the glacis is drawn parallel to the crest of it. The 
most convenient mode of drawing it, is first tf> Mke the breadth 
of the glacis os a radius, and from all the saiient angles of the 
covered way, us centers, to describe arcs. 


Let us suppose 
the breadth of the 
glacis to be nearly 
double the breadth 
of your main ditch. 
Take this distance in 
your compasses, as 
a radius, and describe 
arcs outwards, from 



all the above-mentioned salient angles. 


Draw tangents to 
these arcs, parallel to 
all the faces of the 
covered way; or, in 
other words, parallel 
to THE CREST OF 

the glacis. 
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Rub out the su- 
perfluous arcs, &c. 
and the exterior lines 
of ‘ your figure will 
show the form of 
THE FOOT OF THE 
QLACIS. 



Every branch of the covered way has traverses, or small 
parapets extending across it, of the same height as the crest of 
the glacis nearly. 

These traverses are intended to protect troops posted in the 
covered way, against raking shot from an enemy^s batteries. 

There are advanced traverses, and retired traverses. 

I shall first explain the metliod of drawing the advanced 
traverses. 


Produce the fares 
of all your bastions 
and . f|ivelins across 
the di^es, until tliey 
meel 1^:;. counter- 
scaip. 



If the Learners are continuing the construction of a half 
hexagon^ the Teacher will now direct at follows^ 
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Place one leg of your compasses in the center of the circular 
part of the counterscarp of a bastion^ that is to say on the point 
^vhere the counterscarp .! would be intersected by the capital of the 
bastion produced. 

Measure the distance from this point to either of the adjoining 
points^ marked on the counterscarp of the same bastion, by one of 
its faces produced. 

Set off the same distance, in the same manner, upon the two 
circular parts of tlie counterscarp, in front of each of the demi- 
bastions at the ri^^ht and left exti'emitieif of your figure. 

When this is done, the Teacher will pass over such of the 
follozciug directions as applt/ to the single front of fortification 
onlify and tail proceed to that paragraph in page 64, which coni- 
mences thus : ** From the various points, marked on your coun- 
terscarp, draw perpendiculais,’’ 8cc. 

If the Learners, however, are not drawing a half hexagon, 
but one front of fortification onip, such as appears in this part of 
the book ; then the Teacher icill direct as follows. 

The faces of the demibastions, shown in your present front 
of fortification, would, if produced, cross the ditches of the 
two adjoining fronts, to the right and left of it, no part of either 
of which is represented in the figure. 

^ And ill like manner, the faces of the nearest demibastions of 
the tw'o adjoining fronts, would, if produced, cross the main 
ditch and mel^t the counterscarp of your present front 

% 

Tt is therefore necessary, before the proper number of poiirU 
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on the counterscarp of your figure can be determined, to find the 
position of the face of one demibastion of an adjoining front. 

We shall choose, for this purpose, th^t front which is to the 
left of our figure. 

It has already been explained, that the*oapital of any regular 
bastion bisects it. 


From the point of your left demibastion, you will therefore 
draw a right line, forming an angle on the left side of the capital, 
equal to that angle which is formed by the capital and the face of 
the said demibastion. 


The method of per^^ 
forming this problem 
by means of intersect- 
ing arcs was explained 
in the Course of Prac- 
tical Geometry, 



Rub out the arcs, by 
means of which you 
found your new angle ; 
and the line last drawn 
will show the face of 
an adjoining demibas-- 
tion, which forms a 
part of the next front 
of our supposed for- 
tress. 
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Produce the last 
drawn face across the 
ditch, till it meets the 
counterscarp of the left 
demibastioii of jour 
original front 


Place one leg of your compasses in the point, where the capital 
of the left demibasdon of your original front cuts the counter- 
scarp ; and from thence measure the distance to the point, where 
the counterscarp of the same demibastion is met by the produced 
face of the adjoining front. 


Set off the same 
distance, in a similar 
manner, upon the 
counterscarp of the 
right demibastion of 
your original front. 


This being done, rub out the superfluous face, which is to fhc 
left of your original front of fortification. 

Here the same directions will again apply ^ either to the half 
hexagon, or to a single front of fortification. 
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Each of the perpendiculars, drawn across your covered way, 
represents tlie front, or ouislde of an advanced fraverse ; or in other 
words that side of it, which faces towards, the country and 
would be exposed to an enemy’s lire. 

The back or inside of each advanced traverse is drawn parallel 
to the above lines at a given distance, on that side of each, which 
faces towards the interior of the fortress. , 

Let us suppose this distance to be about two thirds of the length 
of your traverses. 
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Draw the back^ or 
inside, of each ad- 
vanced traverse, ac- 
cordingly. 



The whole of the advanced traverses of the covered 
WAY are now complete. 

The line, which represents the back of a traverse, is also called 
THE CREST OF THE TRAVERSE, becauso it is the highest part 
of it.* 


Draw perpendicu- 
lars across the covered 
way, from all the re- 
entering angles of the 
crest of the glacis. 



These last drawn perpendiculars are to represent the back 
or crest of the retired traverses of the covered 

WAY. 


* It will be understood, that the term crest of a traverse implies the 
interior crestof it, as was explained in treating of the parts of a parapet, 
to which a traverse is similar in every respect. 

VOL. F 
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From the various 
points, marked on 
your counterscarp, 
draw perpendiculars 
across the covered 
way. 



Rub out the lines 
that cross your ditches. 



Each of the perpendiculars, drawn across your covered w^ay, 
represents the front, or outside of an advanced Traverse ; or in other 
words that side of it, which faces towards, the country and 
would be exposed to an enemy’s fire. 

The back or inside of each advanced traverse is drawn parallel 
to the above lines at a given distance, on that side of each, which 
faces towards the interior of the fortress. 

Let us suppose this distance to be about two thirds of the length 
of your traverses. 
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Draw the back, or 
inside, of each ad- 
vanced traverse, ac- 
cordingly. 



The whole of the advanced traverses of the covered 
w^AY are now complete. 

The line, which represents the back of a traverse, is also called 
THE CREST OF THE TRAVERSE, becaus© it is the highest part 
of it.* **^ 



These last drawn perpendiculars are to represent the back 
or crest of the retired traverses of the covered 

WAY. 


* It will be understood, that the term crest of a traverse implies the 
interior crest of it, as was explained in treating of the parts of a parapet, 
to which a traverse is similar iii every respect. 

VOL. F 
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Draw the front of 
each of the retired tra- 
verses, parallel to the 
crest of them, at a 
given distance, which 
you may make equal 
to die breadth of your 
former traverses. 



The traverses are distinguished from each other, by the particular 
branch of the covered way, in which they are situated'. 

For instance, there is 

The advanced traverse of the right branch or 

THE COVERED WAY OF A BASTION : 

The retired traverse of the right branch of 
THE covered way OF A BASTION : 

The advanced traverse of the left branch of 


the COVERED WAY OF A BASTION 1 

The retired traverse of the left branch' of the 

COVERED WAY OF A BASTION : 

The advanced traverse of the right branch of 
THE covered way OF A KAVELIN : 

The RETIRED TRAVERSE OF THE RIGHT BRANCH OF THE 
COVERED WAY OF A RAVELIN. 

The ADVANCED TRAVERSE OF THE LEFT BRANCH OF THE 
COVERED WAY OF A RAVELIN: aild 

The retired traverse of the left branch of the 

COVERED WAY OF A RAVELIN. 

All of which eight traverses may be distinguished in one front 
of fortification. 


The traverses, in their present form, having blocked up the 
whole of the covered way ; it is necessary to make passages or 
communications round them, at a given distance. 
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Let us suppose this distance to be nearly equal to the breadth 
of one traverse. 


Mark the above dis- 
tance upon the crest 
of your glacis, in front 
of each of the retired 
traverses ; and draw 
perpendiculars from 
thence, of the same 
length, cutting into 
the glacis. 



From the extre- 
mities of these per- 
pendiculars draw lines 
towards the nearest 
reentering places of 
arms, parallel to the 
branches of the co- 
vered way. 



The perpendiculars 
and parallels last drawn 
constitute the pas- 
sages OF THE RE- 
TIRED TRAVERSES 
OF THE COVERED 
WAY. Rub out the su- 
perfluous parts* of the 
original crest of your 
glacis, and the passages 
of the retired traverses 
wiH be complete. 
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The passages of the retired traverses are always made in the 
above manner. 

The passages of the advanced traverses arc usually made in- 
dented. The manner of drawing them is as follows. 

Mark a certain distance upon the crest of the glacis^ in front of 
each of your advanced traverses^ and from thence draw perpendicu- 
lars or lines nearly perpendicular, cutting into the glacis, in order 
to show the breadth of your indented passages in front : 


And let these dis- 
tances and perpendi- 
culars be equal to 
those set off in frdnt 
of the retired traverses, 
nearly. 


Draw right lines 
from the extremities 
of these perpendicu- 
lars, to the front of the 
passages of the tra- 
verses in rear of them. 
This will show the 
new form that must 
be given to part of the 
crest of the glacis. 
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Rub out those parts of the original crest of the glacis^ that 
become imaginary lines ; and the form of a covered way with 

INDENTED PASSAGES^ OF THE TRAVERSES will be complete. 

Sometimes^ when the branches of the covered way of any work 
are very long, or much exposed to an enemy’s fire ; there may be 
more than two traverses to each branch. In that case, the advanced 
traverse would be called the first traverse of any branch. 

For instance, if a long branch of the covered way had three 
traverses ; the advanced traverse would be called the first traverse, 
that immediately in rear of it would be called the second traverse, 
and the retired traverse would be called the third traverse, of that 
particular branch of the covered way. 

The glacis has ridges and furrows across it occasioned by its 
sloping and angular form. 

There is a ridge in front of every salient angle of the crest of thft 
glacis; and there is a furrow in front of every reentering angle 
of it. 


Draw THE RIDGES 
AND FURROWS OF 

The glacis, by join- 
ing the opposite angles 
of the crest and foot of 
it.- 



/ 
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It now only remains to draw the ten ails. 

Produce the faces of 
the two demibastions 
of front, till they 
meet in a reentering 
angle before the cur- 
tain. These produced 
lines will form a part 
of your original lines 
of defence. They will 
also form the faces of 
your teiiails. 

In some of the followingfigureSf zffhich relate solely to the tenail ; 
the ravelin f ditches j catered way^ and glacis are omitted for the 
sake of clearness. It is to be observed that the tenails are usually 
drawn immediately after the body of the place of a regular for^ 
tress is JinUhed. In the booky the construction of this work has 
been commenced last of ally otherwise many of the figures would 
have appeared complicated. 

Draw, to each of your 
tenails^ a small curtain, 
parallel to the curtains of ^ 
the body of the place, at 
a given distance. 




Rub out the superfluous 
parts of your lines of de- 
ftpce. 
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Make the breadth of the 
tenails equal to a given 
distance, for instance, lot it 
be equal to one half of the 
breadth of the main ditch ; 
and draw parallels to the 
faces and curtain of each 
tenail, at the above distance, 
in order to show the reverse 
of this work. 




a half hexagon : front only : 


.The plan of a regular half The plan of one front of a 
hexagon, having tenails, rave- regular hexagon, supposed to 
lins, ditches, a covered way have tenails, ravelins, ditches, a 
with traverses, and a glacis, is covered way with traverses, and 
now complete. a glacis, is now complete. 
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By the same method, you may eaally draw the plan of a regular 
pent^on, heptagon, octagon, or any other kind of polygon. 

X 

Indented passages of the advanced traverses, such as are repre- 
se^ed in your present figure, are the most approved. 

Sometimes however the passages of these traverses have been 
made rectangular. 

Rub out the passages of your advanced traverses, and restore 
the crest of the glacis to its original form. 

Setting off upon the crest of the glacis a given distance in front 
and rear of each advanced traverse, construct a rectangle cutting 
into the glacis, to show the form of the rectangular passage. 


Rub out those parts 
of the crest of the 
glacis, which wull be- 
come superfluous af- 
ter these passages are 
drawn. 


The form of a work, having a cpvered way with rectangu- 

PASSAGES OF THE TRAVERSES, IS DOW Complete. 

REMARKS. 

It was before observed, that in drawing the plan of a re- 
gular fortress, it is not usual rub out any of the imaginary 
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lines, which are useful in the construction, until the M’hole of the • 
outline is finished in pencil ; although in this book a different 
practice has been follovied, for the sake of rendering the figures 
more simple, and the directions more clear. 

.• * 

In penning a finished plan with ink, the master line or scarp 
line of the bod^ of the place must be made a thick line. 

The faces of the ravelins, the crest of the glacis, and the crests 
of the traverses, must also be made thick lines. 

The rest of the lines must be made thin. 


FURTHER EXPT.ANATION 

OF THE NATURE OF COUNTERFORTS AND TRAVERSES. 


From the figures which you have already drawn, the form and 
nature of the various parts of a regular fortress, at least of such as 
have been taken into consideration, may appear sufficiently clear ; 
Mith the exception of the counterforts of the revetments, and the 
traverses of the covered way. These require some further expla- 
nation. * 


You have already drawn the section of a revetment with 
counterforts. The plan only is wanting to give a just notion of 
them. 

• » 

Draw two lines parallel to each other at a certain distance, to 
represent the foundation plan of any part of the revetments of a 
fortress. 
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• Let the upper line re- 
present the front, while the 
under line represents the 
back of the revetment ; the 
dptance between the two, 
of course showing the thick- 
ness of the wall at bottom. 


In rear of the revet- 
ment, and touching the 
back of it, draw a rectan- 
gle to represent a counter- 
fort, making, as is usually 
done, the depth of the 
counterfort greater than 
its breadth. 



Rub out that part of the 
back of the revetment, 
which wdll become super- 
fluous after the counterfort 
is drawn. 


The form of one coun- 
terfort is now complete. 

Yqu will next proceed to 
draw more counterforts 
exactly similar and equal to it, at a given distance from each other. 
For instance, let their distance apart, measured in the clear, be 
double the breadth of one counterfort. 




The foundation plan of a revetment with rectangular 
COUNTERFORTS is DOW complete. In building the fortress, after 
the foundations are laid out according to the above plan ; the front 
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of the revetment has a slope, but the counterforts and the back of 

the revetment are raised perpendicularly. 

I 

Counterforts are not always* rectangular, sometimes they are 
made hi the form of trapezoids, wider in front than in rear. These 
are called diminished counterforts. ^ 

Rub out your rectan- 
gular counterforts, and 
draw a new set of coun- 
terforts equal in number to 
the former, but wider in 
front than in rear. 

Your figure now represents the foundation plan of a revet- 
ment with DIMINISHED COUNTERFORTS. 

The rear of a counterfort is generally called the tail of it; 
whilst that part of it, which joins to the revetment, is called the 
ROOT. 

Diminished counterforts have been more often used than rec- 
tangular ones. 

I shall next explain to you more particularly the nature of the 
traverses of the covered w'ay. 

It was before mentioned, that the traverses of the covered way 
are small parapets extending across it, of the same height as the 
crest of the glacis nearly. We shall now proceed to draw a section 
of one of them. 

Draw a right line to represent the general level of the covered 
way. 

Raise a perpendicular from thence to show the height of the 
l^rapet of the traverse : mark a point in rear of it to show the 


~ir\pjirLr 
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before mentioned, of a simple parapet raised above the general 
level of the covered way^ with a banquette in rear of it- 

Tlie salient places of arms being the most advanced, and con- 
sequently tlie most exposed, parts of the covered way ; an enemy 
usually attacks them first. I'he parapets of the traverses are there- 
fore so constructed, that the fire of troops posted on the ban- 
quettes behind them must always be directed towards the salient 
places of arms. 

Sometimes there is a row of palisades, placed on the banquettes 
of the traverses, exactly like the palisades of the covered way. 

Rub out the superfluous lines in the parapet and banquette of 
your traverse : 



And draw a palisade on the front of the banquette, 'to represent 
the form of the palisades of the traverses. 



Sometimes aljso there are gates to shut up the passages of 
the traverses, in order to prevent an enemy, who has taken 
any of the salient places of arms, from being able to pene- 
trate through these passages, into the remaining parts of the 
covered way. 

These gates are called the barriers op the traverses. 
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CHAP. V. 

CONSTRUCTION OF THE OUTLINE OF A REGULAR OC- 
TAGON, FORTIFIED ACCORDING TO VAUBAN^S FIRST 

SYSTEM. 

PRELIMINARY REMARKS. 

There are various systems of fortification, which have been 
invented and proposed by different Enguieers from time to time ; 
and the same Engineer has sometimes laid do\'\'n two or three 
different systems. 

In the construction of a regular octagon, which is now about 
to be explained, and in such of -the following constructions as 
relate to the attack of places, the first system of Vauban has been 
chosen in preference to any other, for the following reasons. 

In the first place ; on account of the simplicity of its construc- 
tion, wliich renders it n^ost suitable for an elementary work. 

Secondly ; it is a system which has been much followed in 
practice, and although improvements in fortification have subse- 
quently been made; yet there are few fortresses to be found, 
unless favoured w.ith extraordinary advantages by nature, which 
are actually much stronger, than a place fortified according to this 
system would be. 

Thirdly ; it is to be observed ; that the same general principles, 
upon which the attack of a fortress built according to this system 
ought to be conducted, wall also hold good in besieging fortresses • 
constructed according to any other system. 
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Consequently, in studying fortification, if a learner makes himself 
thoroughly master of this system, he will afterwards find it a veiy 
easy task to understand s(ny other system of fortification, that he 
may meet with in plans or books, although it may be of a much 
more complicated nature. 

For the above reasons, until you perfectly understand this 
system, and the attack of it ; it is much better not to attempt to 
study any other. 

Having made these prejimiuary remarks, we shall now com- 
mence our construction. 


CONSTRUCTION OF A REGULAR OCTAGON, 

The construction herein laid down applies to Plate I. of this 
volume ; which is however done on rather a smaller scale^ than 
would he proper for a Learner to commence with, 

Th£ Teacher^ after every individual direction contained in the 
following paragraphs^ ought td examine the performances of the 
Learners, before he allows them to proceed further. 

Their drawings, when finished, ought to he exactly similar to 
Plate I., excepting only the above-mentioned difference in the 
scale. ' 

In studying this work without the assistance of a teacher, the 
progressive steps in the construction of Plate /. tvill easily be^ 
understood, by referring to the figures annexed to the last chapter, 
in ivhich a hexagon was chosen as being a simpler figure than an 
octagon; but the same rules, generally speaking, apply to both. 
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The construction of Plate I. also applies to a part of the sub- 
sequefit plates of this work, and therefore the various directions 
have been numbered, for the sake of a ^more easy reference from 
one to the other, when required. 

1 . Construct a rectangle for the margin or boundary of your 
drawing, w'hich must be eight and a half regular inches by fifteen. 

Take notice, that in this and the following constructions, when- 
ever the term regular” is used in speaking of any dimension, it 
implies that the said dimension or measurement is not to be 
taken from the scale, according to which the plate may be drawn; 
but that it is to be full-sized standard English measure. 

When the term regular” is not used in speaking of any dimen- 
sion, it implies that it is to be measured from the scale. 

2. 'The iliext thing necessary is to draw the scale ; which may 
either be done on some waste part of your paper below the margin, 
that may afterwards be cut ofl’, or on a separate piece of paper. 

When the plate is finished, a new scale will afterwards be con- 
structed within the margin. 

The scale for your present plate must be one hundred yards to 
an inch. It is constructed as follows. 

' , Draw a right line six regular inches long, and divide it into six 
equal parts. 

Subdivide the first or left hand division into ten equal parts ; 
and make the middle subdivision more conspicuous than the 
others. 

Each of your large divisions will* then represent 100 yards, 
whilst' each of the subdivisions at die left of your scale will repre- 
sent 10 yards'. , 

You will therefore place the number 100 under the left extremity 
of your scale; under the middle subdivision place the number 50; 
at the end of the first division write the figure 0 ; and from thence 
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under each of the r^sof^g large divisions write successively the 
^i%umbers 100, 200, . 300, 400, and 500. 

» ' . ; , 

3. Let one of the long sides of your ma^n be the. Knc^ 

of your drawing. Bisect it ; and from the middle of it, as a 
center, with a radius of 502 yards, describe a semicircle. 

4. Divide the circuthference of. your semicircle into, four equal 
parts, and mark them by points. 

5. Bisect each of these divisions, and mark four new points on 
the circumference for this purpose. 

6. Connect these four last marked points .by right lines, which 
will form three sides of a regular octagon, each of which will be 
384 yards long. 

If the polygon, proposed to be fortified, w^ere less or greato 
than an octagon, in that case a ^smaller or greater radius than the 
above would be necessary, iii order to obtain ,an exterior side of 
384 yards ; this having in all cases been co:nsicfered a good propenr* 
tion for tlie length of the exterior sides of a regular fortress.''*' 

7. I^IN^ the first points marked on (he circumference,^ 
radii or right lines directed towards the center. These will bisect 
the sides of your polygon ; and consequently up6n these, the per- 
pendiculars of your fortress must be set off. 


* This is equal to 180 french toisks, the length adopted by Yanban for ' 
the-exierior sides of his polygon. It may here observed', that in ohler to 
obtain an exterior side of 384 yards precisely, for a regular octagon, the 
radius should not be exactly 50d yards, as^ stated inparagri^^ 3d, but a 
small fraction less. The diiference however is so was not 

worth while lb notice it in practice. 

TOL. 1% 6 ^ 
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8. Meaimre the distance, item the outer extremity of of 
these radii, to the point >\heFe it is intersected b> one o( the.Oides 
of your polygon, and set off an equal distaince from each extremity 
of your diameter towards die center. 

9* Connect die two points, thus marked on your diameter, to 
the nearest extremities of the finished sides of your polygon, by 
right lines. 

Each of these tw'o last drawn lines will be exactly one half of 
the side of your polygon. 

Your present figure, therefore, consists of three sides or fronts 
of a regular octagon and of two half-sides of the same. Conse- 
quently it represents exaedy one half of a leguiar octagon, which 
is to be fortified. 


10. Make your {perpendiculars each 64 yards long, which is 
equal to one sixth of the exterior side. 


11. From the exterior angles of the polygon, draw the lines of 
defence intersecting each othei at the of each perpendicular. 

12. Makefile faces of your ba4i^ ' 1 10 yards long, which is 
equal to two sevenths of the exterior side nearly. 


13. Take the distance between the salient angle of any bastion, 
and the shoulder of an adjoining^ one, as a radius, and froHi^ every 
salient angle, as a center, make intersections upon those lines of 
defence which are drawn from the same point. 

These intersections will give you the position of the angles of 
the flank of die three whole fronts of your figure. 


14. l>raw the flanks of three fronts. 

-XU 

15 . Draw Mb their ouitaius. 
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The two half fronts at the extremities of ^oar figure remain to 
be finished; which cannot be done by the above as some of' 
the points that ought to be used, fall without the semicircle. 

The method of constructing them is as folloitrs. 

16. Draw the capitals of the right and left djsmibastions of your 
finished fronts. . , . 

17- Find the points, where the demigorges of these demibos- 
tions intersect their capitals, by producing the adjacent curtains. 

18. From these points of intersection, draw lines parallel to 
the half exterior sides, extending as far as the diameter. 

19 . From the same points, upon each of the last drawn lines, 
set off a distance equal to the length of a demigorge. 

This will give you the position of tlie angle of the flank of encb 
of your two half fronts. The length of their faces was marked 
before. 

, * 

20. You will therefore draw the fliEmks of these two half fronts 

by joining the proper points. , . - 

Tli^y of the place of your half octagon is qo.w 

21. Pr^'tlie salient angle of every bastion, t:ehter, 'with 
a radius of 32 yards, ^describe sues, outwards/s* 

22. Draw tangents to these arcs in the direction of the shoulders 
of the opposite bastions. 

This wdll give you the form of the main ditch aqd.TCtniiiterac^ 
of your three whole fronts. 

The Counterscarp at the extreitiitie^ of your half octagon Will 
■till remain unfinished, because the points necessaiy for the direc-' 

G 2 
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tion of the tangents, fall without the semicircle. The me4|;»od of 
completing it is as follows. 

£3. Upon the perpendicular of any of your finished fronts, 
measure the distance from the point where it is intersected by the 
exterior side to the reentering angle of the counterscarp : and set 
off an equal distance from each of the corresponding points, 
inwards, upon the perpendiculars of your two half fronts. 

The two points thus found will be the reentering angles of the 
counterscarp of your half fronts, which remain unfinished. 

Draw your two remaining tangents accordingly, directing 
them upon these ])oints ; and the main ditch of your half octagon 
wdll then be complete. 

25. From all the reentering angles of the counterscarp set off 

85 yards, outwards, upon the perpendiculars produced, in order to 
show the length of the capitals of the ravelins. 

@6. Set off 11 yards upon the face of each bastion, measuring 
from the shoulder towards the salient angle. 

27* From the extremities of the capitals of your ravelins, draw 
right lines in the direction of the last marked points. 

These right lines will be the faces, of your ravelins.. 

28. From the reentering angle' ht the gorge of each ravelin, set 
off 24 yards, right and left, upon each demigorge. 

2Q. Join the points thus found by right lines, which will give 
you the break at the gorge of your ravelins. 

.30. From the salient angle.of ravelin, as a center, wi^ a 
^radius of 21 yards' 1 foot> describe arcs outw^ards, for the breadtb 
of the ditches of the ravelins. > 
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31. To these arcs draw tangents^ parallel to the faces of the 

ravelins. 9 

This will complete the ditches of the ravelins^ and the whole of 
the counterscarps of your fortress. 

The faces of the tenails are formed by the meeting of the two 
lines of defence in every front. 

32. Draw a small curtain to each tenail, parallel to that.of the 
body of the place, at the distance of 32 yards. 

S3. Make your tenails 17 yards wide throughout, and draw the 
reverse of each. 

34. Draw the extremities of your t^iails, parallel to the flanks 
of the body of the place, at the distance of 1 1 yards. 

35. At the distance of lOi yards, draw lines parallel to the 
counterscarp, to show the breadth of the covered way, and crest 
of the glacis. 

slllOn each side of the reentering angles of the crest of the 
glacis, setoff 36 yards for the demigorges of the reebtering places 
of arms of the covered way. 

37* Draw the faces of the reentering places of arms, making 
them each 40 yards long. 

38. At the distance of 72 yards, draw lihes parallel to all the 
faces of the covered way, which wUtgive you ;|he of the , 

glacis. 
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39> Produce the faces of all the bastions and ravelins until 
they cut the counterscarp. t 

40. From the center of the circular part of the counterscarp of 
any of your ravelins^ measure tlie distance to either of the adjoin- 
ing points, marked on the counterscarp of the same ravelin by one 
of its faces produced. 

And set off . the same distance, in the same maiiiier, upon the 
counterscarps of the two half ravelins at the right and left extre- 
mities of your figure. 

.41. From the various points marked on your counterscarp, draw 
perpendiculars across the covered way. 

These perpendiculars will represent the front of your advanced 
traverses. 

42. From all the reentering angles of the covered way, draw 
perpendiculars across it, for the back of the retired traverses. 

, advanced and retired traverses are not alwa^^s made exactly 
of the same breadth or thickness. Let us. suppose that they are of 
unequal breadths. 

43. Make your retired traverses 6 yards broad; but mah^ll^your 
advanced, traverses only 4 yards broad ; and draw parallel lines at 
the above distance, to. show their respective br^dfdths. 

44. The branches of the covered way of the ravelins must have 
Aree traverses. You will therefore draw a central traverse 4 yards 
broad, in each of them, exactly in the middle bet^hen the two 
former traveraes of the san^e branch. 

45. Set off 5]§ yards upon the crest of the glacis, in front of 
yom traverses, folr the breadth of the passages. 
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46. From all these points, a radius of 5 yards, describe arcs 
cutting into the glacis, for the depth of the passages of the traverses. 

All the passages of the traverses must be tangents to the above 
arcs. 

47. Draw tangents parallel to the crest of the glacis for the 
passages of the retired traverses. 

48. Draw oblique tangents for the passages of the remaining 
traverses, which must be made indented. 

49* From the center of each small arc, draw a perpendicular 
to* the tangent of the same arc. • 

This being done, the whole of the covered way will be com- 
plete. 

50. Draw the ridges and furrows of the glacis. 

51. Pen your drawing, and let the body of the place, thi^ broAt of 
the tenail, the faces of the ravelins, the crest or back of. each 
traverse, and the crest of the glacis^ be all marked with thick 
lines ; making the remaining lines thin. 

Observe also, that it. is usual to pen with red ink, all those lines 
of a fortress which are supposed to be reveted ; the above Imjiy 
the colour chosen to denote masonij. For instance, in ^^ur 
present 4fawing, the whole of the outline might be so marked^ 
witli the exception of your glacis and traverses, which ought to be 
penned black. 

52. ' Wri^ in large tetters the words ouTLiTf e of a beovlak 
QCTAGON y iii. any convenient placo, as the title of your drawii^.- 

53. Praw a new scale,- iti,t any convenient plac# the 

margin, and near the bottom of H ; pen it, and wntn^ovjar % <$cafe 
of \00 ifardi to afi inch. : ' 
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54. The niargin is usually finished with double lines ; a second 
set of parallel lines being drawn a little M(ilhout the original rec- 
tangle. In penning the margin, the outside lines are made tliicker 
than the interior rectangle. 

Finish your margins accordingly. 

55. In drawing plans of fortification, dates and signatures are 
usually inserted near the bottom of the margin, the former towards 
the left of the paper, the latter on the right. 

Insert dates and signatures accordingly. 


CHAP. VI. 

REMARKS ON THE GENERAL PROFILE OF WORKS OF 
FORTIFICATION.— SECTIONS OF A REGULAR FORTRESS 
CONSTRUCTED BY SCALE. 


In a regular fortress, all those parts, which correspond with 
each other in the plan, have the same general profile or section 

nearly, throughout their whole extent. 

% 

For instance, as far as regards the body of the place ; a section, 
taken through one of the faces or flanks of any one bastion, will 
agree nearly in all its dimensions, with another section, taken 
through any part of any other bastion of a fortress; A section, 
taken any where through any one curtain, will also agree with a 
section of any other curtain : and moreover, a section, taken 
through any part of the bastions, will agree nearly with a section, 
taken through any part of the curtuns; of the same fortress. 
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In like fanner, a section, taken dirough any pait (tf l^er 
of the faces of one n^velin, will agree nearly with'-any other 
section, taken through a part of the face of any other ravelin, of 
the fortress. 

* 

It is to be observed^ that the profile of the ravelins resembles 
that of the body of the place, in all its parts, but with this dif- 
ference, that the ravelins are always made some feet lower than 
the body of the place. 

The main ditch is of the same depth nearly throughout its 
whole extent ; and the ditches of all the ravelins have the same 
section throughout ; their depth being generally, but not always, 
equal to that of the main ditch. 

The covered way is every where of the same general height ; 
and the crest of the glacis is also of the same height nearly, all 
round. 

Consequently not only the body of the place and ravelins, but 
also the ditches,* covered way and glacis, of a regular fortress, have 
the same general profile throughout their whole exteut ; and sections 
taken through any part of them whatever, will nearly agree with 
each other, excepting only that, as far as regards the breadth of 
the main ditch and covered way, there will necessarily be a varia- 
tion, according to the part through which the section may be 
taken, these works being broader in some parts than in others, as 
was shown in the^plan. 

It will have been clearly understood from what I have already 
said, that the various works of a regular fortress are nearly of the « 
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^ ' 1 ■ 

same height in all (he corresponding parts... Their height, how- 
ever, althou^ nearly, is not every where exactly the same : but 
die difference, which shall now be mentioned, is very trifling. 

The faces of the bastions fall gradually in height, each way, 
from the salient angle towards die angles of die shoulders; 
the difference being usu.dly about one ,foot, or one foot and a 
half. 

' Hie flanks are of the same height as the' shoulders or lowest 
part of the adjoining faces : and the curtains arc equal in height 
to the flanks. 

The faces of the ravelins, like those of the bastions, usually fall 
about one foot from the salient angle towards their other extre- 
mides. 

And the glacis of the bastions is generally made about one foot 
higher than that of the ravelins. 

.V Thus as die difference of height in all the corresponding parts, 
mch 'as ^i|^||ody of the place, the ravelin’s, and glacis, does not 
usually any tirh^^xceed one foot and a half; the general profile 
of a regular fort'esii^&^lio very nearly uniform throughout its whole 
m[tent,'that two..secdou8 of a veiy simple nature will be quite, suf- 
fitfient to explain it. 

I shall now proceed to teach you the method of constructing 
diese secdons by scale. They may both be conveniendy contained 
hi^Abe same drawmg, which .will consequenUy consist of two 
figures. 

The first figure will nearly agree in all its parts with the rough 
secdon whifdi you before drew, according to the directkms given in 
Chap. HI,;,. w. 
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FIGURE I. 

SECTION THROUGH THE FACE OF A BASTION, MAIN 
DITCH, COVERED WAY AND GLACIS. 


The drawing which the Learner is now directed to execute, will, 
when Jinished, be exactly similar to Plate II., with this difference 
only, that the latter is done on rather a smaller scale. 

1. Draw a rectangle for your margin, which may be twelve 
regular inches by twenty-six. 

£. Make a scale for your first figure, of twenty feet to an inch* 
It is constructed as follows. 


Draw a line five regular inches and a half long : divide it. into 
eleven equal parts : subdivide the first of thea6 divisions into test 
equal parts •, and make the middle subdivision more conspicuous 
than the odiers. , % . 


Write the number 10 under the left extremity df^wr scale; and 
from thence under each large division place successively the 
figure 0, and the numbers, 10, £0, 30, Sic. as far as 100. 


3. Draw the ground line of your first figure, parallel to the 
top of your margin, at the distance of about four regular inchea 
and a quarter below it^' ' 

•4. At any convenient distance hear the left side of ytkir margin, 
for instance at about two regul^Jpches from it, point <m 

your ground line ; and from theBQej.set off 1 7 feet 6 m^ea for the 
base of the interior slope of the rampaiC ’^' * ^ ^ 
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Make the height of it also 17 feet 6 inches, and draw the inte- 
rior slope of your rampart. 

Make yourterreplein 39 feet broad, and 18 feet high in front, 
and draw your terreplein. 

6. Make your , parapet 7 feet 6 inches higher than the flout of 
the terreplein : set off for tjie base of its interior slope, 2 feet 6 
inches, which is one third of its height; and draw the interior slope 
of your parapet. 

■ 7. Make your parapet 1 8 feet thick at top : give it a dip of 3 
feet 6 inches, which is in the pioportion of one fifth nearly; and 
draw the superior slope of the parapet. 

8. Produce the dip of your parapet 13 feet downwards, in 
order to represent the height of the exterior slope : make the base 
of the exterior slope also 15 feet, which is equal to its height; 
and draw the exterior slope of your parapet. 

9- Mark a point on the interior slope of the parapet, 4 feet 
4 inches below the crest of it, to show the level of the banquette. 
Make the banquette 4 feet broad: drop a perpendiqular to 
show the height of it in rear : make the base of the slope of the 
banquette double its height ; and draw the slope of your banquette. 

10. Produce the base of the exterior slope of your parapet 1 
foot outwards, which leaves a small berm ; and drop a perpendi- 
cular of 31 feet, for the height of your scaip revetment ^ 

11. Make the base of the slope of the revetment, 5 feet 2 
inches, which is one sixth of it* height ; and draw the slope of 
your scarp revetment. 
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12. Set off an oifset of 1 foot: make your foundation 3 
deep : make your revetinei[^t T feet 8 inches thick at top ; and draw 
the foundation and the back of your scarp revetment. 

13. Draw a counterfort behind your scarp revetment 10 feet 
long ; and of the same height as tiie revetment. 

14. Make your cordon 1 foot high above the top of the revet- 
ment : let it project 6 inches beyond the scarp line in a semi- 
circular form ; and draw the back of it at the distance of 2 feet 
6 inches behind the scarp line. Consequently the total length of 
the cordon will be 3 feet. 

15. Set off 96 feet upon the ground line for the breadth of t|ip> 
main ditch, taking care to measure this distance from the 
scarp line, not from the slope of the revetment ; and recollect that 
this is the rule always observed, in fortification, in measuring the 
breadth of ditches. 

16. From the point thus, found, drop a perpendicular of 22 feet 
to show the height of the revetmmit of your counterscarp, which is 
equal to the depth of &e ditch; and draw the bottom of the 
main ditch. 

This perpendicular will agree wifii the counterscarp line, in 
the outline of the plan of a jugular fortress. 

"A" 

17. Make the base of the slope of the counterscarp revetment 
3 feet 8 inches, which is equal to one sixth of its height ; and • 
draw the slope of your counterscaip revetment. 

> i' ' ' 

}8. Give the counterscaq> revcftment an.offset of 1 foot : make 
the foundation of it 3 feet deep. : make it 3 feet 9 inches thick 
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at top : and diiaW the foundation and the back of your counterscarp 
revetment. 

19- Draw Ae counterfort of your counterscarp, inakiiig.it 5 
feet long, and I foot lower tlian the revetment. 

20. Measure 31 feet 6 inches upon the ground line for the 
iifeadA of the covered way : raise a perpendicular of 9 feet for the 

. height of the crest of the glacis ; frbm the top of which mark 7 feet 
6 inches, downwards, for, the bottom of Ae parapet of the covered 
way. 

- We shall next proceed to draw the coping of the counterscarp, 
observing previously that there will be a slight difference between 
this, and the rough section, which you before drew. 

In your former section the top of your coping agreed with Ae 
ground line nearly ; whereas in our present figure, we shall make 
Ae bottoin of Ae coping agree with our ground line : conse- 
quently the covered way, which we are now about to draw, will 
be a little more elevated above Ae natural level of the ground, 
than the covered way of our former section was supposed to be. 

21. In rear of your counterscarp revetment, set off 6 inches 
upon the ground line, for the projection of the coping ; and raise 
a perpendicular of I foot to show the height of it in rear. 

.From. Ae top of Ais perpendicular, drawn right line to the 
bottom of Ae parapet of Ae covered way, in order to show the 
general level of Ae covered way, which^has a gentle slope, as was 
before explained : and make your copii^ 3 feet long. 

' ' . ' • 

22. Draw Ae interior slope of the parapet of your covered way, 

making Ae base of it 2 feet 6 inches, which is one Aird of its 
height. 

23. Tkm tt|e hmtji&iiki of $bur covered way, midting it 4 feet 
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4 inches lower than the crest of the glacis ; and 5 feet widc^ with 
a slope of double its height. 

Q4- Draw the palisade of the covered way, placing the front of 
it 6 inches behind the bottom of the parapet : let it be 0 inches 
thick : make it pointed at top, and let it stand 6 inches higher than 
the crest of tlie glacis. 

£5. Set off £16 feet upon the ground line, for the breadth of the 
glacis; and draw the slope of your glacis, die base of which is 
its height in the proportion of £4 to 1. 


FIGURE II. 

SECTION THROUGH THE CURTAIN, TENAIL, RAVELIN, 
COVERED WAY, AND GLACIS. 

£ 6 , Draw a new ground line, about five regular inches and a 
quarter, below that of your former figure. 

27. The sectiqg,* which we are now about to draw, being much 
longer than the last, must be done on a smaller scale, in order to 
bring it within the limits of the same margin. 

You will therefor^ make a new scale of thirty feet to an inch to 
suit your present figure: This is done as follows. 

Draw a line five regular inches and two thirds in length : dii^e 
It into seventeen equal parts : subdivide the first of these divisions 
into ten equal parts ; and make the middle subdivision more con- 
spicuous than the others. 

Write the number 10 under the left extremity of your scale;* 
and from thence under each large division place successively the 
figure 0, and the numbers 10, 2Q, 30, &c. as far as lOO« 

28. Ne&r the left side of y^r margin, for instance at about, a 
quarter of a regular inch from it/ set off 16 feet 6 inches on your 
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ground line for the base of the interior slope c»f the rampart. 
Make the height of it also 16 feet 6 inches, and draw the interior 
slope of your rampart accordingly. 

29 . Draw your terreplein, making it 39 feet broad, and 17 feet 
high in front. 

30. Make your parapet 7 feet 6 inches high ; and draw its inte- 
rior slope, giving it a base of 2 feet 6 inches, which is one third of 
the height. 

. 31. Make your parapet 18 feet thick at top : give it a dip of 3 

feet which is lb the proportion of one sixth : and draw' the exterior 
slope of it, making the base and the height each 12 feet 6 inches. 

32. Draw the banquette, making it 4 feet 4 inches lower than 
the crest of the parapet ; and 4 feet wide, with a slope of double 
its height. 

33. Draw, a berm of 1 foot, and drop a perpendicular of 31 
feet, for the height of the scarp revetment. 

34. Draw your scarp revetment, making it 7 feet 6 inches thick 
at top; with a slope of 5 feet 2 inches which is one sixth of rits 
height; -ail offset of 1 foot, and a foundation 3 feet deep. 

35. Draw a epunterfort 10 feet long, and of the same height as 
ifae scarp revetment. 

86. Draw a cordon 1. foot high above the revetment, projecting 
0 inches in a semicircular form, and 3 feet long, including the 
projection* 

The section or profile of the l'ampait*of the curtain is now com- 
plete, w'hich is one foot lotver tlian that of the bastion, as repre- 
sented in your fonqer figure, but, is pearly similar and e(]|uai to it in 
every other respect. 



SECTIONS OF A REGULAR FORTRESS. 97 


S7* Make the ditch ^ between the curtain and tenail 45 feet 
broad ; mark this distance on the ground liae^ in front of your 
scarp line, according to tlie rule before mentioned: drop a per- 
pendicular of 22 feet for the foot of the gorge revetment of the 
tenail ; and draw the bottom of the ditch. 

38. Upon the last drawn perpendicular, mark 9 feet below the 
ground line, for the top of the gorge revetment of your tenail, 
which will leave IS feet for the height of it above the bottom of 
the ditch. Make the gorge revetment of your tenail S feet 3 
inches thick at top : give it a slope of 2 feet 2 inches, which is one 
sixth of its height ; an offset of 1 foot, and a foundation 3 feet deep. 

39. Draw a counterfort to the gorge revetment of your tenail, 
making it 4 feet long, and 1 foot lower than the revetment. 

40. Intersect your ground line by a perpendicular, at the dis- 
tance of 28 feet 6 inches, measured horizontally, in front of the 
gorge of your tenail; upon which perpendicular mark a point 
1 foot 9 inches above the ground line, for tlie interior crest of the 
parapet of the tenail ; and from this point, downwards, set off 7 
feet 6 inches, for the height of the said parapet. 

41. Produce the top ofJthe gorge revetment of your tenail 6 
inches backwards, to show'^ projectien of. a^oping ; and raise a 
perpendicular of 1 foot for the height of it. ^ 

From the top of this perpendicular draw a right line to the bot- 
tom of the parapet of your tenail, in order to show the general 
level of the interior, or terrepleiii of the tenail : and make your 
coping 3 'feet long. 

42. Draw the interior slope of the parapet of your tegKIl, 
making the base of it 2 feet 6 inches, which is one third of the 
height. 

II. 


H 
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43. Make the parapet of your teuail 1 8 feet thick at top : give 
it a dip of 2 feet 3 inches^ ^vhich is iu thefiroportion of one eighth ; 
and make tlie base and height of its Exterior slope each 3 feet 6 
inches. 

44. Draw the banquette of your tenail, making it 4 feet 4 
inches lower than the crest of the parapet^ and 4 feet wide, with a 
slope of double its height. 

45 . Set off a berm of 1 foot, and drop a perpendicular of 1 8 
feet for the height of the scarp revetment of your tenail. 

46. Make the scarp revetment 5 feet thick at top: give it a 
slope of 3 feet, which is one sixUi of its height : give it an olFset 
of 1 foot, and a foundation 3 feet deep ; and draw a counterfort 
in rear of it, ' 5 feet 8 inches long, and of the same height as the 
revetment.' 

47. Draw a cordon, 1 foot high above the revetment, pro- 
jecting 6 inches in a semicircular form, and 3 feet long, including 
the projection. 

48. Set off l65 feet upon the ground line for the breadth of the 
main ditch between the tenail and ravelin. 

Drop a perpendicular of 22 feet, the.foot of which will show the 
bottom of the revetment at the gorge of the ravelin ; and draw the 
bottom of the m^iii ditch. 

49- Mark 1 foot below the ground line, for the top of the 
gorge revetment of your ravelin, the height of which will conse- 
quently be 21 feet. Make the said revetment 3 feet 9 iucihes thick 
at top ; give it a slope of 3 feet 6 inches, which is one sixdi of its 
height ; an offset of 1 foot, and a foundation 3 feet deep. 

50. Draw a counterfort to the gorge revetment of your ravelin, 
making it 5 feet long, and 1 foot lower than the revetment. 
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51. Measure 75 feet^from the gorge of your ravelin^ and raise 
a perpendicular of 1 foot 6 inches^ for the position of the bottom 
of the interior slope of the rampart of your ravelin. 

52. Produce the top of the gorge revetment of your ravelin 6 
inches backwards, to show the projection of a coping; and raise 
a perpendicular of 1 foot for the height of it. 

53. From the top of your coping, which will agree with the 
ground line, draw a right line to the top of your former perpendi- 
cular. This will show the general level of the interior of the 
ravelin, whicli has a gentle slope towards the rear. 

Make your coping 3 feet long. 

54. Set off 12 feet upon the ground line for the extent of the 
base of the interior slope of the ravelin. From thence raise a 
perpendicular of 13 feet 6 inches for the height of this slope above 
the level of the ground line ; and draw the interior slope of the 
rampart of the ravelin. 

1 1 is to be observed, that the base and height of this slope, if this 
rule is followed, will be exactly equal, each of them being 12 
feet ; because the bottom of the slope, which was before marked, 
was 1 foot G inches higher than the ground line. 

55. Draw the terreplein of your ravelin, making it 30 feet 
broad, and 14 feet higher than tlie ground line in front. 

56. Make the parapet of your ravelin 7 feet 6 inches high : 
give. it<di interior slope of 2 feet 6 inches, which is one third of its 
height : make it 18 feet thick at top ; with a dip of 3 feet 6 inches, 
which is in the proportion of one fifth nearly ; and draw its exterior 
slope, making the base and the height each 10 feet. 
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67- Draw the banquette of your ravelin, making it 4 feet 4 
inches lower than the crest of the parapfet, aud 4 feet wide, with a 
slope of double its height. 

58. Draw a berm of 1 foot, and drop a perpendicular of 30 
feet, for the height; of the scarp revetment of your ravelin. 

59- Make the scarp revetment of your ravelin 7 feet thick at 
top : give it a slope of 5 feet, which is oiiv^ sixtli of the height : 
give it an offset of 1 foot, and a foundation 3 feet deep ; and draw 
a counterfort in rear of it, 9 feet 3 inches long, and of the same 
height as the revetment. 

Draw a cordon 1 foot high above die revetment, projecting 6 
inches in a semicircular form, and 3 feet long^ including the pro>« 
jection. 

60. Set off 64 feet upon the ground line for the breadth of the 
ditch of the ravelin : drop a perpendicular of ^22 feet, the foot of 
which will show the bottom of the counlerscarp revetment; and 
draw the bottom of the ditch of the ravelin. 

61. Mark 1 foot below the ground line for the top of the 
counterscarp revetment of your ravelin, the height of which will 
consequently be 21 feet. Make the said revetment 3 feet 9 inches 
thick at top : give it a slope of 3 feet 6 inches, which is one sixth 
of its height ; an offset of 1 foot, and a foundation 3 feet deep. 

Draw a counterfort to the counterscarp of your ravelin, making 
it 5 feet long, and 1 foot lower than the revetment. 

62. Set off .31 feet 6 inches on the ground line, for the Dieadth 
of the covered of your ravelin ; and raise a perpendicular of 
8 feet for the height of the crest of the glacis ; from the top of 
which mark 7 feet 6 inches, downwards, for the bottom of th<» 
parapet of the covered way. 
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63. Produce the top , of the counterscarp revetment of your 
ravelin 6 inches backwards, to show the projection of a coping: 
and raise a perpendicular of 1 foot for the height of it. 

64. From the top of thisT perpendicular, which will agree with 
the ground line, draw' a right line to the bottom of the parapet of 
the covered way, in order to show the general level of the covered 
way of the ravelin : and make your coping 3 feet long. 

65. Draw the interior slope of the parapet of the covered way of 
your ravelin, giving it a base of £ feet 6 inches, which is one 
third of its height. 

/ 

66. Draw the banquette of the covered way of your ravelin, 
making it 4 feet 4 inches lower than the crest of the glacis : and 

5 feet broad : with a slope of double its height. 

67* Draw the palisade of the covered way of your ravelin, 
placing the front of it 6 inches from tlie bottom of the parapet : let 
it be 6 iiic*hes thick : make it pointed at top ; and let it stand 

6 inches higher than the crest of the glacis. 

68. There is not quite room within the limits of your margin for 
the whole breadth of the glacis, which ou^ht to be £16 feet. In 
order to find the true proportion of the slope, you will therefore 
set off 108 feet, which is exactly one half of the above distance ; 
from thence raise a perpendicular of 4 feet, which is one half 
of the total height of the glacis of your ravelin; and draw a 
right line, from the crest of the glacis through the top of the above 
perp^/ii^iilar, which you will produce as far as the margin will 
permit. 

Tliis right line will represent the slope of the glacis of the 
ravelin, w'hich is in tlie proportion of £7 feet to 1, and is therefore 
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a little less steep than the slope of the glacis of the bastion, which 
was 24 feet to .1, as before mentioned. 

Most writers recommend that every part of the glacis should 
have exactly the same slope, which might easily have been done 
in the present instance, by reducing the base of the slope of the 
glacis of the ravelin from 216 to 192 feet ; but this did not appear 
to me necessary, because the difference between the two propor- 
tions above mentioned is very trifling. 

It is to be observed, that there are objections against giving 
either too much or too little slope to a glacis ; and that 24 feet to 
1 is usually considered a good proportion. 

69. Pen your drawing ; marking by red lines all those parts, 
which represent masonry or brickwork, such as the various revet- 
ments, counterforts, cordons, and copings. Do the remainder of it 
with Indian ink, dotting the ground line, and other Anaginary lines, 
that w^ere useful in the construction ; and finish the margin with 
double lines, in the usual manner. 

If you choose to colour your drawing, lay a moderately light 
shade of red over all the revetments, cordons and copings : lay a still 
lighter shade of the same colour over the counterforts ; and over 
the remaining parts, which represent earth and rubbish, lay a shade 
resembling the colour of sand. 

Sometimes this shade is laid on siSSooth to a regular distance 
below the ground line, and parallel to it, so as to compichend all 
fte lowest parts of the section. Sometimes it only extends a little 
below jfche' general outline of the figure', following the form of it. 

The lasUmentioned method of laying on this colour is shown in 
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Plate II., where it is represented by small dots, which is the usu€(l 
mode of denoting sand ojr earth, in engraved plans and sections^ 

In drawings of fortification, but more especially in sections, k 
is often usual to write dimensions opposite to each of the princi- 
pal parts represented, in order to save the trouble of measuring 
them from the scale. 

Whenever there are several points near each other, so that it 
might be doubtful to which of them the dimensions, written on 
a plan or section, are intended to apply ; then, in order to prevent 
mistakes, the two particular points, between which any written 
dimension has been measured, are denoted by small broad arrows, 
or marks resembling the letter V ; the angular points of the two 
marks being placed outwards, at the extremities of the distance 
measured, in contrai 7 directions, with their angles or openings 
facing towards each other. 

When tw^o written distances are measured from any central 
point, then the extreme points are marked as above ; but the central 
point has two marks joined together, to denote that dimensions are 
set off from it in two different directions. 

The double liiark, thus formed' by the meeting of two broad 
arrows on the same point, resembles the letter X. ' 

Having made this remark, we shall now proceed to write down 
or mark the principal dimensions in Fig. 1 . 

70. JFirst, as far as regards lengths : mark, upon your ground 
lio^ the base of the interior slope of the rampart ; the breadth of 
the terreplein, and the breadtii of the glacis. 

71. Mark near the top of each, the tliickness at top of your 
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scarp and counterscarp revetments, and the length of their respective 
counterforts. 

Mark also the base of the slope of each of the above revet- 
ments. 

7^* From the. crest of the parapet you have already drawn a 
horizontal line outwards. Produce it until it meets a perpendicular, 
raised from the crest of the glacis. 

Produce also the scarp line, and counterscarp line upwards, until 
they meet the above horizontal line : and dot the whole of these 
new lines. 

73. Then mark the following dimensions on your horizontal line, 
namely : 

The thickness of your parapet at top ; 

The total extent of the base of the exterior slope and of the 
berm added together, which is 14 feel ; 

The breadth of the main ditch ; 

And lastly the breadth of the covered way. 


On examining your section attentively, . you will observe, that 
the above distances, namely, the thickness at top of Ujc parapet ; 
the base of its exterior slope and berm ; the breadth of the main 
ditch and that of the covered way; could not be marked in any 
way without creating confusion, unless by transferring them to a 
horizontal line drawn for the purpose, as above directed, in a place 
which does not interfere with the figure. 

74. You will next mark the following heights, namely ; ^ 

The height of the interior slope of the rampart ; the total height 
of the parapet above the ground line ; the height of the exterior 
slope of the parapet ; and the dip of the parapet. 
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75. Mark also the perpendicular height of the scarp and coun- 
terscarp revetments, above the level of the bottom of the ditch, 
without including the cordon or coping. 

7f). Mark the depth of the foundation of these revetments: 
and the height of the crest of the glacis above the ground line. 

77 • Lastly mark the height from the crest of the glacis to the 
horizontal line, w'hich was drawn from the crest of the parapet 
outwards. 

This dimension, which is l6 feet 6 inches, will show the dif- 
ference of level between the body of the place and die creisi^ of 
the glacis. , 

All your principal dimensions are now marked, nothing being 
omitted but the details of the interior slope of your 'parapets, your 
banquettes, cordon, coping and palisade ; the whole of which are 
very simple : and as they occur in almost every section, and are 
nearly the same in all, you ought to know and keep in mind the 
dimensions which are most suitable for them. 

It may here be remarked, that it is common, in sections, in any 
convenient place not likely to interfere with the figure, to draw a 
dotted vertical line, to w'hich the height of various parts may be 
transferred and their dimensions marked, for the sake of clearness ; in 
the same manner as some of our distances in this figure were 
transferred to a dotted horizontal line. 

.A vertical line, thus used, becomes a scale of heights, the nature 
of whfeh, and the method of transferring heights to it from any 
part of a figure, w^ere fully explained iu the first volume, in treating 
of the Principles of Plan Drawing. 
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It has not been judged necessary to use a scale of heights in our 
present figure, as the principal dimensions cun be marked in a 
manner sufficiently clear without it ; but you may often observe 
it in sections, that you are likely to meet with hereafter. 

78. In Fig. 2, you will mark the following dimensions only, 
all measured from the ground line upwards, which will serve to 
explain the relative heights of the principal works, namely : 

The height of the interior crest of the parapet of the curtain ; 
as also of that of the ravelin ; and lastly the height of the crest of 
the glacis of the ravelin. 

79* Over your first section write, in a conspicuous manner, the 
w'ords. Fig. 1. Section through the Face of a Bastion, Main 
Ditch, Covered Way and Glacis. And under this section, in any 
convenient place, insert the scale properly iinishcd, writing above 
it, in small letters. Scale for Fig. 1, of 20 feet to an inch. 

^0. Over your second section, write, in a.conspicuous manner, 
the words, Fig. 2. Section through the Curtain, Tenail, Ravelin, 
4'c. And under this section, in any convenient place, insert the 
scale, writing above it, in small letters, Scale for Fig. 2, of 80 
feet to an inch. 

It is to be observed, that the sections you have just drawm, are 
not taken in one uniform direction throughout, that is to say they 
are not taken according to any continued riglit lines drawn from 
the interior of the fortress to the foot of the glacis ; but according 
to a line which is supposed to change its direction, from time to 
time, in such a manner, that the section shall always cut perpen- 
dicularly across each part of the fortress, which it is intdHded to 
represent. 
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The reason^ that sections must always be taken perpendicularly^ 
was explained in that part of the first volume^ which treats of the 
Principles of Plan Drawing : but on inspecting the plan of a regular 
fortress, you will perceive at once, that no continued right line can 
possibly cut all the various w^orks perpendicularly. 

For instance, if you draw a right line perpendicularly through a 
curtain any where near the middle of it, it w^iU also cut the curtain^ 
of the tenail and the break al the gorge of the ravelin perpendi- 
cularly, because all these works are parallel to each other ^ but if 
you produce the same line further towards the country without 
changing its direction, it must necessarily cut obliquely through the 
ravelin, &c. because the face of the ravelin is oblique to tlie cur- 
tain. 

The drawing, which you have now finished, contains the two 
principal and most useful sections of a regular fortress ; and if you 
pay proper attention to these sections, and to the o.utline of the 
half octagon, which you before drew, you cannot fail to have a 
good idea of the general nature of a fortified place. 

In order to give you a complete notion of the whole, it only 
remains to explain the nature ol some particular pai ts in detail, 
such as the gates, bridges, Sec. 

Thtse details, when considered separately, w ill prove to be 
a very simple nature: but, before we proceed to notice them^ I 
jshall add a few more remarks upon the profile. 


ADDITIONAL REMAllKS. 


From tlie preliminary remarks at the beginning of this chapter, it 
will have been understood, that the term "general profile’’ implies more 
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. especially the consideration of the relative heights of the various 
works^ and of the relative depths of the various, ditches, of a for- 
tress* The same thing is often expressed by the word relief. 

Since the general profile or relief of works may 
vary considerably, without any difference in their plan ; any for- 
tress, which has higher ramparts and revetments and deeper ditches 
than another, is said to have a stronger or bolder profile, or in 
other words a bolder or greater relief, than the other. 

In like manner, when considered individually, a work is said 
TO HAVE MORE OR LESS RELIEF in proportion to its height. 

In fortification, when any work is raised higher than another, it 
is said TO COMMAND it, or to have a command over it. 

For instance in our first figure, the parapet of the bastion is 
to feet 6 inches higher than the ground line ; whilst the crest of 
the glacis is only 9 feet higher than the same level. 

Consequently the face of the bastion, through which the section 
is taken, would be said to have a command of 25 feet 6 inches 
over the counti 7 , and a command of l6 feet 6 inches over the 
crest of the glacis. 

In the second figure, the curtain is elevated 24 feet 6 inches 
above the ground line, whilst the rav^^lin is elevated only 21 
feet 6 inches, and the ctest of the glacis of the ravelin 8 feet, 
above the same level. 

Consequently if these various heights are compared td|kther, 
the bastion will be 1 foot higher than the curtain : it will have a 
command of 4 feet over the ravelin, and of 1 7 feet 6 inches over 
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the glacis of the ravelin^ which is one foot more command, thani 
it has over its own glacis! 

The curtain has a command of 3 feet over the ravelin, of Id 
feet 6 inches over the glacis of the bastion, and of 16 feet 6 inches 
over the glacis of the ravelin. 

The ravelin has a command of 13 feet 6 inches over its own 
glacis, but of 12 feet 6 inches only, over the glacis of the bas- 
tion. 

The body of the place is always made higher than the ravelins, 
and the ravelins higher than the glacis, in eveiy regular fortifica- 
tion. Ill short, as a general rule, it may be observed, that those 
parts of a fortress, which are nearest to the center of the place, 
should invariably be higher or more commanding, than such other 
parts of it, as are more advanced towards the country. 

The reason is, that both cannon and musquetry, in almost all 
cases, act with greater ‘effect, when fired downwards from a coni- 
inanding w'ork, than when directed from any low situation, up- 
wards, against a higher one; and as an enemy, in attacking a 
fortress, must necessarily take the most advanced works first, it 
has therefore been judged best to make them the lowest. 

Consequently when^ a besieging army have taken the glacis 
and covered way, they find themselves exposed to a more com- 
manding fire from the ravelins and bastions ; and after they have 
takeAi ^ ravelins or other outworks, they are then exposed to a 
commfflRlng fire from the body of the place. 

The general rule, in respect to the command of works, which 
has just been given, does not apply to the tenail. This wwk, 

H 7 
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although nearer to the center of the place than the ravelin, is made 
much lower than the latter. It is even sometimes made lower than 
tlie glacis, but not always : the more usual practice being to con- 
struct it of the same height as the crest of the glacis nearly. 

The reason that the tenail forms an exception to the above 
rule is, that this work is intended chiefly as ^ screen to cover a 
part of the revetments of the body of the place, and particularly 
those of the curtain ; which is a matter of importance, on account 
of the gates or sallyports that are usually placed tliere. 

This being the case, the tenail is always kept as low as pos- 
sible, consistently with the above object, in order that those parts 
of the body of the place, which are behind it, but more especially 
the flanks, may be able to fire over it with good effect. 

In the sections, which you have just drawn, the tenail is made 
lower than the common practice ; but both the body of the place 
and the ravelins have a greater command over the glacis and 
covered way, than is usually given by the most approved writers 
on Fortification. 

My reasons, for departing from the common dimensions, and 
adopting a bolder relief, as being much stronger, shall be ex- 
plained hereafter. 
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CHAP. VII. 


OF THE COMMUNICATIONS BETWEEN THE VARIOUS 
PARTS OF A FORTRESS. — THE NATURE OF RAMPS, 
GATES, SALLYPORTS, BRIDGES, DRAWBRIDGES, CAPO- 
NIERS, STAIRCASES OF COMMUNICATION, BARRIERS, 
BAI ARDEAUS, AND CUNETTES, EXPLAINED.— GENERAL 
REMARKS ON DRY AND WET DITCHES. 


I shall now explain to you those details respecting a regular for- 
tress, before alluded to, which could not have been introduced iu 
treating of the general plan or profile, without the risk of creating 
confusion. 

The ramparts of a regular fortress being raised much higher 
than the natural level of the ground, and the interior slope being 
loo sleep for men to march upon ; it is necessary to have sloping 
roads made at various parts, in order to afford a convenient ascent 
for troops and guns. 

In Fortification, any road of this kind rising in an inclined plane 
is called A hamf. 

The body of the place communicates with the outworks and 

covered way by means of gates and bridges. 

* 

The GATES OF THE BODY OF THE PLACE, which in 8 fortified 
city are called the town gates, are usually placed in the middle 
«f the curtains, and they are arched over in a sabstanfial manner. 
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The GATES OF OUTWORKS are also usually arched over, except 
when the work is very low. In that case they may be left open at 
top. 

Guard rooms are. generally built close to all the gales of the 
body of the place ; and near every other gate of importance. 

I shall now show you the manner, in which the bridges of a 
FORTIFIED PLACE are usually represented, in a plan. 

Draw a front of fortification with a 
ravelin before it. 

Mark tw'o points near the center 
of the curtain, and equally • distant 
from it, to represent the position of 
the gate. 



From these points, draw two per- 
pendiculars, extending from the cur- 
tain to the gorge of the ravelin. 



These two last drawn lines will represent the sides of the bridge. 

In each of the bridges of a fortress, there is usually a draw- 
bridge ; that is to say, a part moving upon pivots, which can be 
drawn up or let down at will. When it is drawn up, the comniu- 
uication is stopped. 

DRAWBRIDGE is always placed close Hb the gate. 

Mark o^^ small portion of the 
bridge, in. the foriii of a square nearly, 
by drawing a line perpendicularly 
across it, near die curtain. ^ 




BRIDGES AND DRAWBRIDGES. IlS 
. ' * • , 

The square portion of the bridge, thus marked off, is to repre- 
sent the drawbridge. Tlie remainder of it,, no part of which w ' 
moveable, is called the standing part of the bridge. ‘ 

The drawbridges of a fortress are always of wood; and the 
standing parts are also usually formed of wood. A number of small 
perpendiculars are therefore drawn across the standing pait of the 
bridge, to denote that it is covered with planks* 

Draw small perpendiculars accord- 
ingly- 

Two diagonals are usually drawn across that part of the figure, 
which is to represent the drawbridge ; and this part is made nar- 
rower than the rest of the bridge. 

Rub out the two sides of your drawbridge ; and make it a little 
narrower. 

Then draw diagonals connecting 
the opposite angles of it. 

The bridge and drawbridge are now complete, . accordii^ to the 
manner in which they are usually represented, in plans of fortifi- 
cation drawn on a small scale. 

When plans are drawn oh a larger scale, it is usual to draw 
double lines on each side of the bridge, Jn order to represent the 
width of the railing; and the ends of piers or beams, projecting 
beyond the sides of the bridge at certain intervals, are also some- 
times represented by small rectangles. 

TOL. II. ^ . I , 
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• * 

When any bridge of a fortress is very long, it may sometimes 
have two drawbridgesriustead of one. They are of coarse placed 
at some distance from each otlier; but one of them is always close 
to the gate, as was before observed. 

The teiiail has been left out ih our present figure, for the sake .of 
clearness ; but if there were a work of this kind in front of the 
curtain, theie would then be two bridges required in place ‘of one : 
the fiist bridge to extend from the curtain to the tenail ; the second 
fiom the tenail to the ravelin 

The gate of the ravelin is made in one of the faces, usually 
nbout the center of tlie facri^ from whence there is a direct com- 
munication to the covered way, by a bridge with a drawbridge 
siftiilar to that of the body of the place.'*'' 

The principal gates of a foi tress, with the bridges leading from 
them towards the country, are made spacious and convenient for 
die passage of carriages ; but even in a very large fortress, if the 
ditches me dry, theie are not usually above two or three great 
communications of tins nature. 

• 

In the remaining ftonts, th^re smaller gateways intended for 
infantry only, which lead by a sloping descent down to the bottom 
of the dry ditch. 

''These called post E nys OH SAttYPORTS. 

• i 

- I ^ 

In those fronts, where there are nobfidges, you ascend from the 
dry ditch into the outworks and^sovered way, by means of stair- 
cases of'^commvnication. 

r 


* Sometimes the oommunijeitiott is made near thn inward extremity of 
the face of the ravelin, and this a^od,inay, in spnie respects, bp ocn- 
sidiaed preferable to the foimer. ^ 



. STAIRCASES OF COMMUNICAITOF. ’ IW' 

1 

There is usually, for instance, a staircase in the resarse of die 
tenaH ; also in the gorge of (he ravelin. 

t . * ■* 

The staircases for ascending into the covered vray arc placed> one 
at each of the salientfl;^ and one at each of the reentering angles^ of 
the counterscarp* " 

Consequendy teUplit And evaty reenteiing plaee of arms 
has its sturcase. ’ 

These staircases are usually maoe oouoie, inai ts 10 say with two 
flights of steps, Hjfte branching tOt dw <u>d the other to the left. 

We shall now proeee^ to draw some staircases, in the manner in 
which they are represmited, in plans dobe on a Small scale. 


Rub out your front Of fordficationy as aho 
the iSridge and drawbridgey represented in 
.your figurcy leaving only the raveliny in rear 
of which draw a tenail. 




Draw a double staircase in rear of the 
tenail. Draw also a double staircase in the 
middle of the gorge of your ruVelia. 



When the fortress has dry ditchesy there are usually works called 
eAPONf ERSy in each front where there are no bndges. 

A. caponier consists of a direct road or commiinicatioii across 
die ditchy with parapets on each side to cover it, whidi are, of 
coitfse, raised higher t}ie general level of the ditch. These 

I 3 . 
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•parapets are like that of the covered way, for they slope ofF out- 
wards to the right and left, until they sink" gradually down to the 
level of the bottom of the ditch ; so that each of them forms a 
'small glacis. 

Draw two perpendicul^ from ^.middle 
of your teOail towards the gorge of 1^ ravelin, 
at a certain distance from each mother; in 
order to represent the crests of ^e two oppo- 
site parapets of the caponier. 

Parallel to the last drawn lines, draw two 
new lines outwards, to the right and left, to 
show the extent of the two small glacis of 
yoiir caponier. 

The parapets and glacis of a t;aponier are not usually continued 
quite close to the tenail and ravelin, but more commonly terminate 
at a sufficient distance from each, in order to afford convenient com- 
munications with the other parts of tfie main ditch. 

Draw lines across the glacis of your capo- 
nier, parallel to the curtain of the tenail and 
gorge of the ravelin, in order to show the 
breadth of the said communications, and at 
the same, time to represent the proper extre^ 
mides of your capopjfer. 

Sometimes the caponier with the tnain ditch at 

one extremity only; namelyV that w|iic^ is. most advanced towards 
tl^ country. 
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Gateways or sallyportSj covered at top, are usually dotted jii die 
plan of a worV and when they are arched, dotted diagonals 
also sometimes drawn to- connect the oppolite angles of their 
extremities. 

Represent, by dottii^ lilies and diagonals, 
an arched 8allypojt;upder ypor ^nail. 


In your present used m a 

diy ditch are now repiesdi^. There is a sallyport under the 
tenail ; a caponier across the ditch between die tenail and ravelin ; 
communications to the right and left from each extremity of the 
caponier to other parts of die main ditch and i^taircases to 
ascend from the level of the ditch into the interior of the tenail 
and ravelin. 

In order that you may understand the nature of a caponier more ^ 
clearly, we shall next proceed to draw the section of one. 

Draw a right line, to represent the general level of the main 
ditch in front of the tenail. 

Mark two points on it at a convenient distance, atid from tl^ce 
raise pei^ndiculars of equal leogthSj^. .;to show the height of the 
two parapets of a caponier. 



Ffom die foot of each perpendicular, set off a certain distance, 
« inwards, to represent the base of the interior slope of, these poi^- 
pets \ and draw the said interior slopes.* 
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Upon the gromid Une^ outwards^ mark points on ^ach aide, at an 

equal distance, to abow the foot of the small^Iacis of die caponier. 
* 

Draw the slopes of these glacis, directing them from the ciest 
of each parapet, upon the two last-marked points. 



Sometimes the caponier has banquettes in rear of its parapets. * 

'^Dtaw banquettes ib rear of each paiipet of your caponier, in 
tSe usual manner. 



1 c,- , 


9 Rub out superfluous lines, imd the section of a caponier will 
be complete. 



The paiapets of a caponier ase intfiuded to protect troops cross- 
ing the ditch, against the enemy’s fire. 

In passing across the ditch of a ravelin, the enemy’s fire can 
annoy you in one direction only. Therefore a half caponier, or, 
in other words, a communication constructed with one parapet and 
glacis only,^i8 quite sufficient for the ditch of the ravelin. 


Rub out onia half of your caponier. 


BARRIERS OF THE COVERED WAY. 119 


The fighre ivhich now remains represents a halit cap0N1£]$^ 
OM DfiMiCAPONiER, as.it is also called. 

It was before explained, that even in a large fortress, there are 
usually only two or three principal gates and bridges, leading f?bm 
the body of the place and outworks to the covered way. 

In these particular parts, there are spacious roads from the 
covered way to the country, which of course cut deep into the 
glacis and right across it, otherwise they would not be convenient 
for carriages* 

In other parts, the coveted communicates with the glacis 
by means of short ramps, wjbicfa rignify sloping roads, as was before 
explained. • 

The ramps at the covered waV usually proceed from 
the faces of the reentering places of arms. 

In all parts, where the line of palisading in the covered way is 
intersected by these ramps, there are usually spar gates erected^ 
which when shut have the same afrpearance nearly as the palisades 
themselves. 

These gates are called the barbU^rs op the covered way. 

It may here be observed, that the otlier gates, before mentioned, 
named barricis of the traverses, which -are also erected in the 
covered way, are constructed in the same manner, as those which 
have just beeu described. 

AVben the ditches of a fortress are alway^t full of water, a greet 
number of bridges of coramunication are of course necessary. 
Those which lead frpm the principal gateways to the high roads 
jare made wide and strong, in order to afford a convenient gessage 
for heavy ca|rrifi|es ; but those, which lead from tiie sallyportf. 
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and serve mmly for the Use of the troops, are made nsurower and 
less substandal. * / ' 

• 

Boats are also used for the passage of troops across wet ditchesi 
paiily to save expense, and partly from necessity, because towards 
the close of a siege, the bridges are rendered unserviceable by the 
enemy *s fire. These boats are usually kept behind the tenails, 
where they are not much exposed ; arid sometimes small basons 
are made in the gorge of the ravelin^ to receive and screen them 
from cannon shot. ' 

) 

In that case the form of the ravelin will be as fel- 
lows. 

Sometimes, when a fortress is situated near the sea, or on the 
banks of a river, the ditches are constructed in such a manner, that 
'they may either be kept dry or inundated at pleasure. 



. In order to derive the greatest possible benefit from this expe- 
dient, it is usual to have several dams with sluices built across the 
ditch at various parts ; by means of which the water may be let 
Into any particular portion of the ditch, that you think proper, 
.whilst the of it may be kept dry. 

A dam constructed across nnj ditch of a fortress, for the- above 
purpose, is called a b Aabdeau. 

% 

A batardeau is a solid wall of more than sufficient strength to 
resist the greatest pressure of water that miay act upon it ; and 
in ordd^ that it may not afford a convenient passage, across the 
Lditcb. to' an enemy attempfiiig to aurpxise or asaa^iit the fortresa, 
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m 


the top of it is built with a ridge, like that of a steep, toof. Con- 
ae u ently the section of U is as follows. ^ 



’ The batardeaus of the main ditch may either be constructed 
before the point of a basSioDi in the -prolongation of the capital ; 
or they may be placed in front of, and perpendicular to, a cur- 
tain. 

I shall now show you the method of drawing a batardeau, 
which w^e shall suppose to be placed before a bastion. 

Draw tw^o fronts of fortification with a counter8ca?*p, but without 
tenails or ravelins. 



Draw two lines across the ditch of the center bastion of your 
figure, at equal distances from the point of the bastion, and 
parallel to the produced capital. 

These lines will represent the rides o*f a batardeau. 
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Dnw a durd line> also across the ditch^ half ivay; between the 
two former and parallel to them^ which will of course agree 
with the produced capital of the bastion. This line wall repre- 
sent the ridge of the batardeau. 



To increase the. difficulty of penetrathig .into the fortress over 
the batardeau^ it is usAal to build a small round tower or turret 
over the middle of it, which being raised higher than the rest of 
the bataideau, and pointed or shaped like a cone at top, presents 
an addidohal obstacle to an enemy.r 

Represent the turret Of the batardeau, by a small 
drclc, and rub out that part of the ridge, which will become 
superfluous, after the turret is drawn. 



Your batardeau is now complete. It divides tlie ditch of your 
figure into two parts, om of which may be filled with water, 
whilst the other is dry. 

. . 

In ditches of this kind, it is of great imjiortance to^ secure the 
sluices from the liA of bein^desflpyed by an enemy’s tire. 



REMARKS 01? BRY AND WET 

Som^divHss idle di^ces; ar^ placed ia . the batanleflu ^ ^ 

grooves or opeiiiiqg/i Jbeing left i.a the masoi^ for the purpose of 
receiving them. . . i ^ . 

Sometimes they, are placed in the interior of a but(o%.,^tfai 
channels of comi^unication for the weter^ .e:Kteuding froiu them to 
the main ditch on each side. 

• ^ ' ' ' ' *' 

In this case, the batard^ii is built quite solid across the 
ditch, in front of the point.of the basdoQ. . 

- v^' ‘ 

When the ditches of a fpr^es^ may; be mundated 
the bottom of them, af^er die water ia let ^wt, must necesaartly be, 
marshy, as it is 'much lower than the' commdn level of high 
It is therefore usual .to have a narrow moat in the centervof a 
ditch of this description, to drain off the superfluous water* 

A moat of this kind in the middle of a ditch is called a 
CUNETTE. As it is iiot excavated with a view to defence, but 
for the sake of health and cleanliness, die depth and breadth of 
it are of little importance. 


GENERAL REMARKS. 

Ditches which may be kept dry or inuiidated at pleasure, are the 
best ; and next to these dry ditches, provided that the revetments 
are strong, and of a sufficient height. . Wet ditches are the worst of 
all, when the works of a fortress are 'strong, well reveted, and of a 
good profile. But if the works are veiy weak^ or merely consist 
of earthen ramparts without revetm^^nts, then wet ditches are the 
best ; for nothing else can secure such works against a general, 
assault. 


The great objeciaon to 


wet ditqbes 


i^tfae expense, of bii^es. 
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and the difficultj of prenerving them. Towa^rds the close of a 
fikge they axe often destroyed, as was l>efore observed ; and boats 
aflford a very precarious communication, liable to interruption and 
delays. Consequently it becomes difficult, sometimes impossible, 
to support the troops iu the outworks or covered way when attack- 
ed, by sending fresh men to their assistance, so that these works 
cannot, by any means, make such a vigorous defence, as might be 
done if the ditches were dry. 

The various methods, which may be followed, in constructing 
the gates, sallyports, bridges and drawbridges of a fortress, as 
also the construction of batardeaus, &c. form a pait of Practical 
not of Elemqntaiy Fortification. No detailed plans or sectioiib 
of them shall therefore be attempted in the present woik. 

« « 

The nature of ramps shall, however, be fully explained, as they 
often form a very conspicuous part of the general plan of uorLs 
of fortification, which cannot be clearly understood without them. 


CHAP. VIII. 

OF THE CONSTRUCTION OF RAMPS, AND STAIRCASES. 

I sliall now teach you the method of drawing the plan of a 
ramp. 

Draw a right line to represent any 
|iart of the scarp line of the body of " ~ 

the place, as shown in the plan of a 
fortress. 

Diaw a second Mi rear of, aad parallel to it, at any con- 
venient distance, to«ep«t|{nt dt* Croat of the parapet. 
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The space, comprehended be- 
tween these two lines, will represent - * i 

the thickness of the parapet at its ' 

base. * ^ , 

Draw a third parallel in rear of 
the last, to represent the back of the 

terreplein, or the top of the interior 

!>lope of the rampart. " * ^ 

The space, comprehended between this and the second line, 
will represent the breadth of the terreplein. 

Draw a fourth parallel, also m ■ ■■■ 

rear of the former, to represent the 

foot of the interior slope of the V ' 

rampart. 

s 

The space, comprehended between the two last drawn Ibet, 
will of course, represent the said interior slope. 

We shall now proceed to draw our ramp, as proposed. 

Mark two points on the back of ~ 
the terreplein, at such a distance 
apart as you may judge convenient, | [ 

fpr the breadth of your ramp ; and 
from these points draw perpen- 
diculars backwards, or towards the 
interior of the fortress, to represent 
the sides of your ramp. ^ ^ 

It was before stated that a ramp is a sloping road, which gra^^ 
dually rises till it becomes as high as the terreplein. 

The length of the sides of the ramp will therefore depend upon 



U6 ELEMENTARY FORTIFICAT^^ chap.tiii. 

die heiglit of the terreplein above the natural level of the g^und. 
¥or instance if the terreplein were 18 feet high, and if you thought 
it conv^lent to give the ramp a slope of 6 feet to 1 ; tlien the 
length, of the ramp or of die two perpendiculars, which you have 
just drawn, would require to 108 feet, this being six times 18. 


Connect the extremities of ^ ' ~ 

last drawn perpendkulard by ; a " 
light line, which Vill - ishow die ^ ,r„ 
bottom of the ramp ; . and. rub out 
that part of foot of the interior ^ 
slope of the rampart, which inter- \ 
sects the ramp, as it will liow betoiiie a su|f( 




IS line. 



Rampfet being usually constructed of earth or rubbish ; it must 
be evident, that the sides of theip willmot stand perpendicularly, 
unless reveted. But the aides qf ramps are very seldom reveted ; 
and therefore it becomes iieqcssary to give them a slope. 

‘ The ramp being equal in height to the terreplein, at top, must 
of course have a slope there, on each side, equal to the interior 
slope of the rampart. ' * 


From the top of each side of the 
ramp, you vnll therefore mark 
points to the right and left, at a dis- 
tance equal to ,t^ breadth or base 
of tfaef interior slopfi ojf the rampart. 


The bottom^ of the ramp, being" oil the same level with the 
^ natural ground, Can have no slope. The , slope of each side of the 
ramp, which is considerable ^ top, will dierefore gradually faU 
.^ pvay to nothing, at bottom. ' 
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From those points, ivhich repre- 
sent the extent of the slope of the * 
two sides of the ramp at top, you 
will therefore draw oblique lines to 
the foot of the ramp. 

The triangular space, comprehended between eidier of these 
oblique lines and the adjoining side of the nmp, represents the 
slope of that side^of the ramp, whsidi^ as 1 said befor6> is consi- 
derable near the top, but horn thence falls away to notUng at 
bottom. ^ 



Ruh out those parts of the inte^ 
rior slope of the rampart, and of 
the slopes of the ramp, which iat^- 
sect each other. 



Join the opposite angles where 
the interior slope of the rampart, 
and the two sloping sides of the 
ramp meet each other, by short 
, ^agonal lines. 



These diagonals represent fiirrows or b^c^s formed by Ae 
/neeting of the abore slopes; for in all cases, whenever tn^p 
oblique or sloping planes meet ^each oA^, ^er a ridge or a 
foiTow must be formed by their junction, as may be observed iu 
the roofs of houses. 
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The plan of a perpendicular ramp, that is to say of a 
ramp laid out perpendicularly to the general line of the rampart, 
is now complete. 


^ Sometimes the short lings which represent the top and bottom 
oFl|ie ramp are rubbed out in a finished drawing : but it is more 
correct to show themi beqguise die terreplein, the ramp,^ and the 
naturaUevel of the ground being nil on different planes^ ridges or 
fiiiTOwr must necessanly be formed wheie they meet each other. 
Accordingly there is a small lidge at the top cff the ramp, and a 
amall furrow at the bottom of it. 


In fortified places, there are usually buildings behind the ram- 
parts and near to them, so that a ramp could not conveniently 
be constructed in the manner represented in our present figuie ^ 
as it would project too far towards the rear, and might therefore 
interfere with the streets or houses. 


For fbia reason, ramps are seldom or never made perpendicular 
to die ramparts of a fortress, in the manner just explained, but 
oblique to them, and as nearly parallel to them as possible. 


Rub out your present 
ramp, and lestore your * 

figure to its original " - . - . ' - . --- . . ^ 

state, which being done, we shall proceed to draw a new ramp of 
u more conveniet)it(fann« 




^TJpon the footj 
interior slope 61 
rampart, madk it point 
for the bottom of your 
proposed ramp. 



HAMPS. 




Take in, your com- 
passes the proposed ' 
length of your ranip^ 
which, as I said before, will depend upon the height of the !/ 
terrepleiii ; and with this distance, as a ^’radius, from ' tile above 
point as a center, make an inteiaection on. the back of the 
terreplein. . 

Connect these rtwo 

\ 

points by an oblique 
line, which will repre- 
sent one side of your 
proposed ramp. 

This shall be called the exterior side of the ramp, aa 
it is supposed to be more advanced towards the country, than the 
other side, which remains to be drawn, will be. 




From the extremities 
of the exterior side of 



your ramp, draw per- 
pendiculars backwards 
or towards the interior of the work, in order to show 



AND 30TT0M OF THE RAMP. 


Connect these two 
perpendiculars by a 
right line, which will 
represent the inte- 
rior SIDE OF THE 

i 

RAMP. 

The interior side of the rsonp being; at top, on die'Maie lerel 

* VOl. II. K 
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with the terreplein, must have a slope, there, equal to the interior 
dope of the rampart. 

Pfoduee. backwards ^ ' / ' 

that perpendicular, ^ 
which represents the 
top of the ramp, and 
make the produced part equal to the breadth of the interior slope 
of ihe rampart.' 

This produced line will represent the extent of the slope of 
the interior side of the ramp^ at top. 

From the extrenpty — 

of the produced line, 
draw an oblique line to 
the foot of the interior 
side of the ramp. 

The triangular space, thereby formed, wil) represent the slope 
OF THE INTERIOR SIDE OF THE RAMP, which is Considerable at 
‘ top, but from thence falls away to nothing at bottom. 




The upper pait of the ramp is not yet complete, for it must of 
course be continued, until it meets the back of the terreplein. 

< This may be done by producing it, either in the same direc- 
tion, so as to form continued right line, or not, as you think 
proper. We shall fornier method. 


Produce the interior . 
dde of your ramp, until 
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At a distance equal 
to the breadth of the 
interior slope of the 
rampart, draw a right 
line in rear of, and parallel to, the last-drawn line, in ord^r to 
show the slope of that part of the interior side of your ratn|i, 
which remained unfinished. 




Connect the angles, formed by the meeting of the said slopes 
and the interior slope of the rampart, by a right' line, in order to 
shew a furrow which will be formed there. 


Then rub out super- 
fluous lines, and your 
ramp will be complete. 

Your figure, in its present state, represents an oblique ]^amP| 
such as is almost always used in fortresses. It affords a conve* 
oient passage for troops and guns, and at the same time fakes up 
^ery little room towards the rear. 



The direct ramp, which you before drew, is seldom or never 
used except in works where the terreplein is very low, such as 
field works, for instance. . 

Sometimes a double ram:f is made, which consists of two 
camps, constructed in contrary directions to each other, nearly 
meeting at top. 

Rub out every part 
of your present ramp 
excepting the twoyrides 
of it, and those ^^en- 
diculars which represent the top and bottom of it; and restore the 
form of your rampart. 
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At any convement 
distance from the top 
of your ramp, mark a 
point on the back of 
the terreplein, to represent the top of a second ramp, which is 
to be similar to the former, but cons^cted in a contrary direction : 

And from this point, as a center, with a radius equal to the 
length of your first ramp, make an intersection on the foot of 
the interior slope of the nunpart* 

Join these two points 
by a right line, which 
will represent the exte- 
rior side of your second 
ramp. 

Draw the top and 
bottom, and the interior 
side of your second 
ramp, making it equal 
to the first in all these 
dimensions. 

Rub out that part of 
the back of the terre- 
plein, which extends be- 
tween the two ramps: 
mb out also that part of the foot of the interior slope of the ram« 
part, which intersects them. 

Connect the upper ex- 
tremities of the interior 
sides of your. two ramps 
by a right line ; in order 
to show the new form, which must be given to the back of the 
terreplein, in consequence of the formation of the double ramp. 
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Then if you suppose the greatest slope of the interior sides of 
your double ramp to be equal to the interior slope of the rampart f 
which is usually the case in practice : 

Connect the lower extremities of tlie interior sides of your two 
ramps by a right line ; and your double ramp will be complete (See 
the fourth of the following figures). 

But if the greatest slope of your proposed double ramp is sup^ 
posed to be either greater or less than the interior slope of the 
rampart, then the rule for finishing it would be as follows. 

From the top of the y ^ -—7- - - ~ 

interior ade of each, of ‘ 
your rampS| as a center, 
with a radius equal to 
the greatest supposed breadth of the interior slope of the ram]^ 
as a radius, describe arcs. 

From the bottom of — — — 
each interior side draw a 
tangent to the nearest 
arc. 




Draw another line, con- 
necting the two arcs, 
which must also be a tan- 
gent to them, and pro- 
duce it till it meets the two former tangents. 

. , 

The three tangents, drawn under the above supposition, must at 
their junction form angles, and consequently ridges or furrows, 
which, strictly speaking, ought to be represented by fight lines in 



the plan ; but if, by reason of the great obtuseness of the said 
angles, the tangents should have the appearance of one continued 
fight line nearly ; then, it would not be worth while to draw any 
lines for the above-mentioned purpose. 
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Rab out your arcs: 
draw right lines across 
your slope to represent “ 
i^idges or furrows, if you 
diink it necessary ; and your 



double ramp will be complete. . 


You may here observe, that the interior slope of your double 
ramp is considerable, between and opposite to the tops of the two 
ramps, from whence it falls away to nothing at the bottom of each. 


Double ramps are always die most convenient. 


When ramps are made behind the faces of any work, they gene* 
roily meet at top or nearly so, and form a double ramp in rear of 
the salient angle. ' 

In this* case the meeting of the two ramps is often made 
circular. 


Draw a work with two faces, 
to represent a ravelin, marking 
the parapet, terrepleiu, and 
interior slope of the rampart. 



* Dnqv two ramps, one on 
each face, at an equal distance 
from the angle ; representing 
the slopes of their interior 
sides by triangles, as before 
explained, but without forming 
any communication from the 
top of them to the terreplein. 
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Rub out those lines of the 
interior slope of the rampart, 
lyhich either intersect your two 
ramps, or are continued be- 
yond the top of each. 



Produce those perpendicu- 
lars, which represent the top 
of each ramp) backwards, until 
they meet. 



From their point of inter- 
section, as a center, describe 
an arc connecting the tops of 
the interior sides of your two 
ramps. 



From the same center, de- 
scribe a second arc connecting 
the adjoining extremities of the 
two oblique lines, that were 
drawn to represent the bottom 
of the slope of the interior sides 
of your ramps. 
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‘ This being done, rub out 
superfluous lines, and the 
figure of your double ramp 
iivill be complete. 


Sometimes double ramps oiT this kind are so constructed, that 
the extremities of the oblique lines, which represent the bottom of 
the slopes of their interior sides, may meet in the same point. In 
this case the second arc would be superfluous. 

This would take place if the two rantps, represented in our 
present figure, had been placed a little nearer to each other at top. 

Sometimes, in lieu of ramps, staircases are constructed for 
ascending the terreplein of works ; but these staircases are only fit 
for troops, not for guns or carriages. 

They are drawn as follows. 

a 

Draw four lines paral* 
lei to each other, to re- '' 

present the parapet, ter- ^ ^ ' 

replein, and interior 

slope of the rampart of ^ ^ ^ 

any work. 

Draw two lines per- ! • 

pendicularly across the , ^ — 

interior slope, to repre- 
sent the total width of 
a staircase. 

Draw two other lines, • > 

inwards, near to these, 

and parallel to them. n [] ^ ^ 
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Between the two last 

drawn lines, draw lines ^ ' 

perpendicular to them, 

at any convenient dis- I h - "1 1 ^ 

tance apart, to represent steps: and the plan of A staircase 
OF THE RAMPART will be Complete. 

The spaces to the right and left of the steps, which zre compre- 
hended between each pair of perpendiculars, represent the copings 
or low parapet walls, which are . Usually constructed in staircases of 
this description. 

Staircases even for troops are not of such permanent utility as 
ramps, because they are liable to be destroyed by shells ; whereas 
ramps when iiyured may easily be repaired. 

The STAIRCASES OF COMMUNICATION, in the reverse of the 
tenail or ravelin, which you before drew on a suiall scale, are drawn 
according to the same rule as a ramp nearly, when they are repre- 
sented on a larger scale, such as is capable of showing the slopes 
of the revetment. 

To explain this, we shall draw the plan of a double staircase, 
in the manner alluded to. 

Draw two lines ^ 1 — -V 

parallel to each other — — 

to represent part of the reverse of a tenail or gorge of a ravelin*: 
and let the distance between diese two parallels sliow.>the slope of 
the revetment. 

' » ‘ 

It will be evident that the side of any staircase following the 

general line of a sloping revetment, must also itself have a gradual 
slope from bottom to top. 

Mark points on : 

the lower line, which — » • * 

represents the foot of the slope of the revetment, in order to show 
the breadth of a landing place at the bottom of your proposed 
double staircase. » 
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From each of these points^ as a center, with a radius equal to 
the length of ' your proposed staircase, describe arcs intersecting 
th^ top of the slope of the revetment. 

Connect these 
pennts . of intersec- 
tion to the former 
points by right lines, which will represent the inteeior sipes 
OF THE. DOUBLE STA1RCAS£| commencing from the foot of the 
slope of the revetment and gradually rising to the top of it. ^ 

Set off perpendiculars from each extremity of the last-drawn 
lines, outwards, to represent the top. and bottom of the 
DOUBLE staircase. 

Let these perpendiculars be equal to each otlier, their length 
representing the breadth of the staircase : 

And connect the 
extremities of them 
by right lines, which 
^inSl represent the' exterior sides of the double stair- 

* CASE* 

Tlie exterior sides of your double staircase must necessarily be' 
V^eted; and in order that the stairs may be everywhere of the 
jmme breadth, this revetment must of course have a slope equal to 
ifae slope of the original revetment of the work. 

Connect the bot- 
tom of ea^ch exterior 
side by a right line, 
which Ivill ‘represent the bottom of the revetment of your double 
staircase : and connect the top of each exterior side by a right 
line, which will represent the top of the said revetment. 

The space, bounded by the two last drawn lines and the exterior 
. aides, represents the slope of tRe revetment of the 
exterior side of the staircase. 
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Rub out .superflu- 
ous lines. 

Your staircase in its present form resembles a double, ramp^/ 
and is constructed exactly on the same principle, but with 
this diflference, that the ramp is constructed in rear of the foot of 
the interior slope of the rampart, in order that it may not cut into 
and diminish the breadth of the terreplein ; whereas ibe staiircase. 
h^re represented is constructed in front of the slope of the revet- 
ment, .and therefore does cut into the interior of the work.^ 

Draw perpendi- 
culars to show the 
steps : and your dou- 
ble staircase will be complete;*^ an open space, or a i.,an]>jxo 
PLACE, being represented at bottom. 

. The interior side of a staircase may sometimes have a coping 
or low parapet wall; and the revetments may also have copings, 
which are sometimes represented in plans drawn on a large scale. 

Ill that case your 
figure would require 
to be altered as fol- 
lows. 


* I^operly speaking, the sides of each staircase, in a largo finished plan,.^ 
ought not to be represented by right lines, but by lines so dr<awn as to have 
the appearance of steps, forming a kind of distorted section of the stair- 
case. The reason pf this will be explained in.Cliap. XI. ; but it is scarcely 
ever worth while to mark sncli very minute details in plan-drawing. It A 
proper, however, that" they should understood. 
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CHAP. IX. 


CHAP. IX. 

OF BATTERIES. 

The guns and mortars^ used in the defence of a foi tress, are 
placed on the terrepleins of the various works in rear of the para- 
pet, as was before observed. 

Wherever guns are placed, openings must be cut across the 
upper part ,of the parapet, for them to fire through, which are 
called embrasures. 

In those portions of the ramparts of a fortress, which arc fitted 
Up as BATTERIES, the parapet has no banquette behind it. 

MoETaH. batteries do not require any embrasures; but 
consist of parapet only. The reason is, that morl^ do 

not fire at any object in a direct line, or nearly so ; but pitch their 
. shells over the parapet, at a considerable elevation. 

^ "'Batteries, thrown up in the field, do not differ materially from 
those w'hich are constructed on the lainparts of a fortress. 

We shall therefore proceed to draw the sketch of a field bat- 
tery ; having done which, you will find no difficulty in understanding 
die nature of the batteries of a fortress. We shall begin with the 
prpfile or section. 

The section of a field battery is eiactly like' that of a traverse, 
Xvhicb you before drew, only that it has no banquette. 
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Dmw a ground line, upon which construct the section of a 
simple parapet having an interior, a superior, and an exterior slope* 

The figure, in its present state, 
represents the section of a mortar bat« 
tery. 

It also represents a section of the solid part of a gun batteiy : 
but if the section weie supposed to be taken through an embba- 
SURE, the opening would, of course, require to be shown. ' 

This is done as follows. 

Mark a point on the interior slope, 
about one thiid way up; and from 
this point, draw a right line across 
your parapet, in a direction nearly parallel to the superior dope* 

The line which you have just diawn divides the parapet .into 
two parts. Tile under part is supposed to be solid. The upper 
part is supposed to be hollow, and forms the embrasure. 

In a section drawn through an embrasure, the solid part only of 
the parapet is seen in section, the upper part is of course sup- 
posed to be seen in elevation. ^ 

The bottom of an embrasure is called the sole of the 
EMBRASURE, and in the section it is represented by the line that 
you drew last. 

The sides of an embrasure are called the cheeks of the 
EMBRASURE* 

When a battery is made for two or more guns, so that there ard 
several embrasures or openings in tfae^^j^arapet^ each of those 
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solid portions of it^ which lie between any two embrasures^ is 
called A MERLON. 

But those two solid portions of the parapet which are at . the 
right and left extremities of the battery, adjoining to the first and 
last embrasures, are called Half merlons, from the dimensions 
usually given to them. 

That part of the parapet of a gun battery, which is below the 
level of the embrasures and merlons, is called the solid, on 
account of its being solid throughout its whole extent. 

In erecting a field battery, such as that of which you have now 
drawn the section, the *eartli for forming the parapet is obtained 
from a ditch excavated in front of it. 

A berm is always left between the foo^ of the exterior slope 
of the parapet, and the ditch of the battery. 

The ditch of a dattery is, in the first instance, usually 
cut perpendicular : afterwards slopes are formed. The sides of 
it are called the reverse and front sides of the ditch, instead of 
using the terms scarp and counterscarp,’’ which do not apply to 
Huch a small work as a field battery. 

"'"ill Aontrof the 
parapet of your bat- 
teiy, mark two points 
on the ground line^ 
at a convenient dis- 
tance, to represent the breadth of the ditch. From thence drop 
perpendiculars equal in length to show ils depth ; and draw the 
bottom bf the ditch by joining the lower Extremities of these 
.perpendiculars. % . < 
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The section of the ditch of your battery is now represei^ed hf 
a rectangle, which shows the form of it before the slopes iure 
drawn. . 

Draw an oblique 
line to show the 

REVERSE SLOPE OF 
THE BITCH OF THE 
BATTERY, leaving a 
sufficient berm between it and the foot of the exterior slope of the 
parapet. 

Draw another oblique line to show the front slope of the 

DITCH OF THE BATTERY. 

Rub out those two perpendiculars which showed the original 
form of tlie sides of the ditch, before the slopes were drawn. 

And dot those parts 
of your ground line, 
which would become 
superfluous in a fi- 
nished section. 

In small field works, such as a battery, the bottom of a ditch 
is sometimes called the sole of the ditch. 

The only thing, which is now wanting to. complete the section of 
your gun battery, is the platform. 

Before I proceed to explain the nature of platforms, I shall 
first teach you the method of drawing the plan of a gun battery. 

The plan of a simple parapet without embrasures must first 
be represented. ^^7 

This will consist of four lines parallel to each other at proper 
distances, the three spaces, comprehended between which, will 
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represent the interior, the superior, and the exterior slopes of the 
parapet. ^ 

' Draw four lines accordingly, 
placing the interior slope to- 
wards the bottom of your 
paper. 

Draw a line perpendicularly 
across the center of your figure, 
to represent the direction of 
the object against which the 
battery is supposed to be con- 
structed. 

^Tbis line is jcalled the line of fibe, or object line 
of the battery. The center of your embrasure ought to agree 
with it. * ' 

On referring to your section, you will perceive that the rear of 
the embrasure commences about one third way up the interior 
dope of the parapet, therefore it cannot agree exactly with either 
of those lines, in the plan, which represent the bottom or the 
crest of it- It must consequently be placed between the two, but 
neaw to . the former line. 

Mark a point On the line of 
fire to represent the rear of 
your embrasure, placing it about 
one third way up that space 
which represents the interior 
dope of the parapet. 
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In like manner, by referring to your section, you will find that 
the front of your embrasure does not exactly agree either with the 
top or bottom of the exterior slope of the parapet, but stands 
about one third or one fourth way up that slope. 


You will therefore mark a 
second point on the line of fire, 
to show the front of the embra- 
sure, upon that space which 
represents the exterior slope of 
the parapet, but nearer to the 
foot than to the crest of the 
said slope. 


Through these points, draw 
lines perpendicular to the line 
of fire and intersecting it ; 
making the most advanced per- 
pendicular the longest. 


Upon the rear perpendicular, on each side of the line of fire, 
mark points at a distance rather less than the base or breadth of 
the interior slope of the parapet. 

The space comprehended between these two points is to show 
the width of the embrasure in rear. 


On each side of the line of fire, set off upon the front perpen- 
dicular, a distance rather less than the base or breadth of the exte^ 
nor slope of the parapSlf 

VOL. II. L 
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/The space^ comprehended 
between the two last marked 
points, is to show the width of 
the' embrasure in front. 


Coimeet these points by 
right lines, and the form of 
the sole or bottom of the 
embrasure will be complete. 


Rub out those parts of the 
original .figure, which will 
become superfluous after the 
sole of the embrasure is drawn ; 
excepting your line of fire, 
which you will dot. 


-1— f-i- 








The rear line of the sole of an embrasure, that is to say the 
shortest of your two perpendiculars, b called the sill of the 

EMBRASURE. 


If the cheeks of the embrasure \Vere built perpendicularly, the 
above would be a correct plan of it 5 bnt.t||is is not the case. The 
cheeks almost always have a slope, which must next be repre- 
sented. 
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On each aide of your embra- 
sure, at a short distance from it, 
mark points upon the interior 
crest of the parapet, to represent 
the base of the slope of the 
cheeks of the embrasure at that 



part. 


On each side of your embra- 
sure, at a short distance from it, 
mark also points upon the exte-, 
rior crest of the parapet ; in 
order to show the base of the 
slope of the cheeks of the embra- 
sure at that part. 



On each glide of the embra- 
sure, draw right lines, connect- 
ing the above points ; from 
which you will also draw right 
lines to the adjoining angles or 
extremities of the' sole of the 
embrasure. 


I 



Rub out superfluous parts of 
your original parapet ^ and the 
plan of an embrasure for one 
gun is now complete : the sole 
of the embrasure, and the 
SLOPE OF THE CHEEKS OF 
THE EMBRASURE being dis- 
tinctly Seen. 

The narrow part of an embrasure, that is to say the rear of it, 
is called the neck of the embrasure. 
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The broadest part or front of an embrasure is also called the 

MOUTH OF THE E^BRASUEE. 

In rear of the embrasure^ a platform is made for the gun to 
stand upon, whilst it is fired; otherwise from its great weight the 
wheels of the carriage would sink into the ground, and it would 
soon become unmanageable. 

The rear or tail of the platform is parallel to the front of 
the batteiy : the platform is broader in rear than in front ; and 
the center of it exactly agrees with the line of fire. 

Draw a platform accordingly. Let the front of it agree with 
the bottom of the interior slope of the parapet ; and make the 
width of it in front equal to the width of the moutli of the 
embrasure nearly. ^ , 


Make it wider by about one 
half in rear than in front; and 
let the length of it be rather less 
than the thickness of the para- 
pet at top. 



In a regular fortress, platforms are sometimes made of hard 
stone or of strong cement ; sometimes they are made of wood. 
In a field battery, platforms are always made of wood. 

The up||sr part of the platform, upon which the gun moves, 
consists of planks, which are laid perpendicular to the line of 
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fire. In the front there, is one piece of stout timber raked several 
inches Wgher than the planks, which is called a hurter. 

The hurter strengthens the front of the platform, and may also 
•omeUmes be useful by checking the wheels of the gun carriage. 

Draw parallel Unes across your platform to represent a hurter 
end planks. 


The figure, in its present 
state, represents the plan of d 
one-igun battery, complete in 
every respect, excqtting the 
ditch, which is of so very nm- 
pie a nature, that it was not 
thought necessary to introduce 
it, for the sake of further 
. explanation. 

Hie space, between the bottom of the parapet, aod the nearest 
piinill Al , will of course represent the HtjETEE. 

The planks of a platform, like those of the floor of a house, 
rest upon beams of timber, to which they are spiked or screwed 
down; and without winch, it may easily be conceiv^, that 
the platform would not be sufliciently strong. 

The beams, which support the jplanlting of a gun or mortar 
platform, being sunk into the ground, are called sleepers. 

I • 

In a gun platform live slwpers are commonly used. The mid- 
dle of the center slee^r exactly agrees with Uie line of fire. 1 he 
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two outside sleepers are placed so as nearly to agree wkh the t\yo 
sides of the jplatform : consequently they are not parallel to the 
center sleeper^ but oblique outwards from front to rear. The 
two remaining sleepers are placed half way between the center and 
the outside ones. 

The whole of the sl'Eepers extend as far as the tail of 

THE PLATFORM. 



Your plan, in its present state, represents a gun batteiy after 
the sleepers are laid, but before the plauking is placed. 

\ 

What an embrasure gains in width towards the front is called 
THE splay of the EMBRASURE ; and in like manner, what a 
gun platform gains in width towards the rear is called the splay 
OF THE PLATFORM. 

The embrasures and platforms of a gun batteiy are constructed 
with a splay, in order that the gun may be able conveniently to 
traverse, or change its direction towards the right and left, and 
thereby command a greater scope of fire. 

' Gun platforms hare not onljr a i^lay, but a dope, die. tail of 
the 'platform being always n^ade bi^ier than the front of it. 
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To explain these particulars more fully^ 1 shall proceed to teach 
you the method of drawing the section of a gun platform. 

In rear of the interior slope of the parapet of the gun battery, 
as represented in the section which you before drew, set off a dis- 
tance rather less than the thickness of the parapet at top, in order 
to represent the length of the platform ; and from thence raise a 
short perpendicular to show the height of the slope of the platform, 
or,; as it is usually called, the bise of the platform. 

From the top of this perpendicular, 'draw au oblique line to the 
' foot of the interior slope of the parapet 

Tliis line wilt represent the top of the platform sloping up- 
wards from front to rear. 

In its present state the tail of the platform appears higher than 
the ground line. The earth in rear of it would therefore require to 
^be raised, in such a manner as to give it ,a solid foundation or 
bearing. 

From the top of 
that jierpendicular, 
which represents the 
height of the platform in rear, you will therefore draw an oblique line, 
backwards, to any convenient point on the ground line, in order to 
show the manner in which the earth in rear of the platform may be 
raised. 

In this, and in the two following figures, given in the book, 
the ditch of the battery, which was represented in our last section, 
is omitted, for the sake of clearness. » 

Rub out that perpendicular, which shows the height of the plat- 
form in rear: and dot such parts of your ground line as will 
become superfluous, after the parapet and platform are drawn. 

Draw a line, at a short distance below the slore of the 
PLATFORM, pafal/el to it and equal to it in length, to represent 
the bottom of the planks. 
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'Draw another parallel line below the former^ but at rather a 
greater distance, to represent the bottom of a sleeper. 

Draw short per- 
pendiculars connect- 
ing the extremities 
of these, three parallel lines in front and rear, in order to show the 
ends of the platform: 

Rub out a small part of the front of your planking in order to 
make room for a hurter, which is supposed to be placed there : and 
above the front of your sleeper, draw a small square or rectangle 
close to the interior slope of the parapet, and higher dian the 
planking, to represent the said hurter. v 

L^^tbdpaw^all 
perpendiculars^cross 
that space whidi re- 
presents the planking, in order to show the individual planks. 

The;, section of your battery is now complete, in wUch every 
part of the platform, namely the sleeper, planks, and hurter, are 
distinctly represented. 

When a field battery is constructed, in the manner represented 
in our present figure, so that the platform is placed on the natural 
surface of the ground, vihilst the whole of the parapet is rai^ 
above that level ; it is called an elevated battery. 

When a field battery is raised so high, tha^^lie platforms do not 
stand on the natural level of ’ the ground dr nearly so, but on a 
terreplein elevated some feet higher ; it is called a cavalier 
battery. . f 

Cavalier batteries are very seldom used on account of the great 
labour attending the constructmn of them, by reason of die bold- 
ness of their profiles ; but elevated batteries are in common use* 
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There is another kind of field battery also very frequently used, 
which is called a sunIIien battery, in order to distinguish it 
from the former ; and the construction of which is the least labo- 
rious of all. 

In batteries of this description, the interior of the work is sunk, 
aud the platforms consequently laid two or three feet below the 
natural ground level, whilst tlie upper part of the parapet only is 
raised above it. 

Sunken batteries are hot well calculated for . explaining the 
nature of those which are constructed on the ramparts of a fortified 
place. We, shall therefore take no fmther notice of tl^m at 
present. 

Gun platforms are constructed with a slope, in the manner 
represented in our figure, in order to prevent the gun-’CSOtiage 
from recoiling or running back too far, when the gun is * fired : for 
after the gun recoils in this manner, it must always be moved op 
again, close to the embrasure, before it is fired a second time. 
This operation, which otherwise would be very laborious on 
account of the weight of the gun, is rendered much easier by 
means of the slope. 

Mortar platform^ have -no splay nor slope, being generally 
square, or at least rectangul;v, and Idid quite level. The front of 
them is placed at some distance behind the parapet. They have 
sleepers and planks only, without auy hurter« They must be 
made of stronger materials than gun platforms, because the recoil 
of mortars, when fired, acts with a considerable shock down- 
wards, tending to break or crush the woodwork of the platform, 
which is not the case in the firing of guns, or at least in a very 
small degree. 

When the plan of a battery is drawn on a very small scale, the 
interior aud exterior slopes of the parapet are omitted, as abo the 
slopes of the cheeks of th^ embmsurest 
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The parapet, in this case, is represented by two parallel lines 
onlyy and each embrasure by two oblique lines drawn across it, 
which sometimes meet in rear, forming an acute angle. 

In drawing a battery on a small scale, the platforms are also 
omitted ; but mortars are usually represented by small circles in 
rear of the parapet. 

Draw two parallel lines to represent the — 

front of a battery. “ 

Represent three embrasures for guns 

towards the right, and four mortars to* oooo 
wards the left, of your battery, in the manner above described. 

Traverses an;., often made in batteries. One end of them is 
generally joined to the crest of the parapet. 

Traverses near the center of a battery are always laid out at 
right angles to the parapet. 

^ Traverses, at the extremity of a battery, are generally laid out so 
as to form rather an obtuse angle with the face of the batteiy. 

Draw A CENTRAL TRAVERSE between the guns and mortars in 
your present batteiy, forming a right apgle with the face of your 
battery. 

Draw tw'O additional traverses, one at each extremity of your 
battery, foiming an obtuse angle widi the face of it. 

This being done, rub out superfluous' A ~ VVV 
parts of your original parapet. oooo y 

A flanking traverse, at the extremity of a batteiy, is called- ak 

EPADLMENT. 
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The section of epaulments little from that of the 

parapet of the face of the Battery they are usually made rather 
thinner^ unless they should be exposed to a direct fire. In that 
case they must have the same thickness as the parapet of the 
battery. 

Epaulments must always be joined to tlje crest of the parapet. 
This is not absolutely necessary in traverses^ which are sometimes 
separated from the parapet of tlie battg7 by a small passage. 

Traverses of this kind are called disengaged traverses* ; 

Rub out the traverse, represented in 
your present figure^ and draw a disen- 
gaged traverse in lieu of it. 

.Traverses joined to a parapet at one end, like your former one, 
am called engaged or attached traverses. 

In describing a battery, when the term traverse ” simply is 
mentioned, without specifying particularly what kind of traverse it 
is ; an engaged traverse, as being the most common, is always 
implied. 

A batteiy, which throws its shot in a direction nearly perpen- 
dicular to the Hue of troops, or to the face of a work, against 
which it may be firing, is called a direct battery. 

A battery, which throws its shot in a direction oblique to the 
line of troops or to the face of a work, against which it may be 
firing, is called an oblique battery. 

A Jl>attery, which' takes 'a line of troops or die face of a work 
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exacdy in flank^ throwing its shot from one extremity of the line 
towards the other, is called a raking or enfilading bat* 

TERY. 

A batteiy, which takes a line of troops or the face of a work in 
rear, or in reverse, is called a reverse battery. 

Consequently, according to the direction in which they are fired 
upon, a line of troops or4he face of a work may be said to be* 
exposed to A DIRECT fire, an OBLieCEFlRE, an ENFILADING 
FIRE, or A REVERSE FIRE. 

In a fire of cannon and musquetry, the balls impelled in a 
rig^t line nearly;* from the muzzle of the piece towards the 
object fired at. 

' in a fire of mortars, on the contraiy, the bomb or shell 
* describes a considerable curve in its ffight. It is first thrown 
upwards at an oblique angle, usually of 45^, and falls down 
upon the object at the end of its course. 

From the difierence just mentioned, a fire of mortars is some- 
times styled A VERTICAL FIRE ; whilst the fire of cannon or 
musquetiy is styled A horizontal fiRe. . 

It will be observed, that these terms are not strictly accurate, for 
a shell does not ML verticiailly in any part of its fiight, and balls are 
sdihnn fired in a dhtction exactly boriaeutal. They serve how- 
ever^ in a general 'view, to mark the disdnctioo between the two 
modes of firing. - . » 


* The term ** nearly’’ is used, because, stnctly speaking, the balls 

describe a curve in their flight; but these corves are very inconsiderable, 
except at long ranges, when the fire becotnes uncertain, 
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CHAP. X. 

CONSTRUCTION OF THE SECTIOI^S AND PLAN OF A 
FIELD BATTERY. 

The three sections and the plan of a battery , which are now 
about to be explained^ are ^contained in the third and fourth 
plates of this volume, but as usual, on rather a smaller scale, 
than is laid down in the text. It was judged proper to divide 
them, in order to suit the size of the book ; but the same necessity 
does not apply to the Learners, who may conveniently comprise the 
whole of these figures upon a common^dted sheet of dramng 
paper. It will be observed that the following directions are 
^ calculated for that 
purpose, and when 
the Uamers shall 
have Jinidted their 
drawings . accord^ 
ingly, the various 
figures, illustrated 
in this chapter, will 
he arranged within 
the limits of the 
same margin, in the^ 
following manner , 

This being explained, we shall proceed mth our constructions. 


Section i. Section 2. Section S. 


PI^ OP THE BATTERY. 


I- 


^ Before they do their finished drawings, the learners ought previously 
to draw the sections separately on a larger scale, for a reason stated at the 
end of the eonstraction of Fig. 3. See page 170* 
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1. Draw a rectan<;Ie for your margin> about seventeen and a 
half regular inches by twenty-five. 

Make a scale of ten feet to an inch. It is constructed as ‘ 
follows. 

^ Draw a right line sevefi inches long : divide it into seven equal 
parts : subdivide the first division of it into ten equal parts : and 
, make the middle subdivision more conspicuous than the other. 

Under the left extremity of your scale write the number 10 ; and 
from thence write successively under each division the figure 0, and 
the numbers 10, 20, 30, 40, 50, and 6o. 

3. About two regular inches, and three quarters below the top of 
your margin, draw a line parallel to it, for the ground line of the 
sections which are about to be drawn. 

FIGURE!. 

SECTION OF AN ELEVATED MORTAR BATTERTY. : 

. 4. At any convenient distance, for instance, at about two and a 
quarter regular inches from the left side of your margin, mark a 
point on your ground line, for the bottom of the interior slope of 
the parapet of your batteiy. 

5. Set off 1 foot, lOj inches, for the base of the interior slope of 
the parapet: raise a perpendicular of 7 feet & inches, for ihe 
height of the parapet ; and draw the interior slope, which will be 
in the proportion of one fourth of the height. 

6. From the crest of the parapet draw a horizontal line, out- 
wards, 18 feet long, for, the thickness of the parapet at top. 

From dus^^xtremity of this horizontal line, drop a perpendicular 
to the poMw line, upon which perpeddicular, set off 1 foot 6 
inches, ftom the top downwards, to represent the dip of the para- 
pet, which will be in the^ pi^ortion of one twelfth. 
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7. Draw the siiperiqrjplope of ‘the parapet. 

The lower part ojf f^.Iast drawn perpeiifKcular will represent 
th6 exterior height of the parapet^ Dc jn dther words the height of 
the exterior slope. ^ ' 

8. The base of the exterior slope ^ntlst be equal to its height, 
which is G feet. You will therefore set off this distance upon thle 
ground line, and draw the exterior slope accordingly. 

9- Make the berm 3 feet wide, measuring from the foot of the 
exterior slope of the parapet outwards. 

10. From the extremity. of the berm, measure 6 feet further, 
upon the ground llne,:;>vl^ch will be equal to the ba^e of die 
reverse slope of the ditch. 

trom thence drop a perpendicular of 6 feet for the depth of the 
ditch ; and join the outside of the berm and the foot of this per-* 
pendicular by an oblique line, in order to represent the reverse 
slope of the ditch, tlic proportion of which is as 1 to 1 . 

11. Draw a horizontal line 14 feet 6. inches long, to show the 
width of the ditch at bottom ; from the extremity of which raise 
a perpendicular meeting the ground line. 

12. In front of this perpendicular, set off 4 feet upon the 
ground line ; w hicli will be equal to the base of the bout slope of 
the ditch. 

Join the point, thus marked, and the foot of the last drawn per- 
pendicular by an oblique line, in order to represent the front slope 
of the ditch, which is in the proportion of two thirds. 

13. At the distance of 7 feet in rear of Uic interior slope of your 
parapet, mark a point upon the ground line for the front of your 
mortar platform. 

Let your platform be 8 feet long; and mark a second point 
upon your ground line, at the above distance in rear of the former, 
to show the tail of it. 

That part of the ground line, which is comprehended between 
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these two points^ will represent the top of^your platform^ which is 
supposed to agree with the natural level of/die ground. 

14. Draw a line parallel. to the top of your platform at the dis- 
tance of 4 inches below it. Hie space comprehended between 
the two will show the thi 9 khess of the planking. 

. 15 . Draw a second line parallel to the top of your platform, at 
the distance of 8 inches below the last dfawn line, in order to repre- 
sent the bottom of a sleeper. 

16« Draw perpendiculars 1£ inches long in front and rear of 
your platform, to show the extremities of your planking and 
sleeper. 

It next remains to represent the individual planks of the platform. 
These may of course be of various breadths ; but in the present 
instance, we shall suppose them to be each 1 foot broad, in which 
case eight planks will be, sufficient for the whole platform. 

17* You will therefore divide the length of your platform into 
mght equal parts, and at all the points of division, thus found, draw 
small perpendiculars across the planking to show each plank. 

Your platform is now complete, it not being usual to represent 
the spikes or screws, in a section done on so small a scale. 

The interior slope of the parapet of a field battery islusually 
reveted with sand bags or fascines,"* either of which materials will 
stand very well at a slope of one fourth, such as we have pven to 
our present figure. 

Let us suppose that our mortar battery is to be reveted with fas- 
cines. Before we proceed to represent this kind of revetment, as 
it appMSM in a section, some explanation of the nature of it will 
be proper. 


* In a mortar battery, it is not always essentially necessary to revet any 
part of the parapet, although it is usually done. In a gun battery, revet- 
ments may be considered indispensable. 
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. 4 ::' ... • ' 

A FAsci jy £ is a faggdi 9pamo^|iF^rtish>vood, strongly 
and bound togetlier ia' C|e^m!^^^fCiif^» ‘‘l^cines are usually;^ 
made of about 9 may be of varioua 

lengths, blit are seldoa^uv^ l^s'&an six feet long. 

In building with t^ey are.^laid in courses one abof€^/ 

the other, so ds to cpv6( the wi^le slope or surface, that is to be 
reveled; and the ' wbrk is. secured by driving pickets or staked, 
several feet loitg; through each fascine, into the body of the* 
parapet or other mass of earth, which a revetment of this kind ii^ 
intended to retain. ^ 

These particulars being explained, we shall continue oiir 
section. ?■ 

< 

J. f 

18. The first or lowest courjie of a fascine revetment is usuidly . 
sunk a few inches in the grounds You.will therefore prodhee 
interior slope of your parapet about 4 incnbs below the gtouadf 
line, to show the depth at which the first c^irse of fascioed /ib 
proposed to be laid. ^ ^ 

dlso a point upon the hiteriof slope; ^at the 
distance bdow the crest of the parapet. ' " " - I 

20. IKvide the' distance betw'eeii the two points, thus marked, 
into ten equal parts, in order to show the height of the several 
courses of fascines, each of which is supposed to be'^boiit lifiie 

-inches in diameter. 

21. Ten small circles of that diameter, must next be drawn to . 
agree with the above spaces, ai^ in such a manner, that die 

of each circle^id^l touch the interior slope of the parapet 

If your insiriim'ents are not &ie enough to describe suqh very . 
small circles in .the usual manner, the most convenient method of ' 
drawing them will be as follows. \ / 

.First draw a line parallel to the ir^e^r slope qf the parapet, 
the distance of 9 inches in front c^ tt; and afterward^ draw small 
perpendiculars to this line, from the various points, vehich were 

•VOL. II. . . 
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jkjlllll^W^'how the height of the 


iares, you will 


miwkod on the intecklrm^ the height of the 

several courses of 

By this means, you Vlir3QR||||||Hj^^P|B^ one above ano- 
ther, equal to each other and t n slope of the 

parapet. 

Then by roundii^ off the angles of*|Kl|,'^^|iiaqiares, you will 
ctavert them into ten small circles of about^S^RlE^he^^aineter, as 
above required, in order to show the sev^pdl^ G0Q$BeJ^f fascines, 
used in your revetment. 

The FASCINE PICKETS oiight next to be represented, but as 
theie are pickets supposed to be diiven through every course fioni 
the bottom upwards, as was before obser\ed ; the whole of them 
would not be introdijeed in a figure done on so small a scale, 
without creating eonfusioo. We shall therefore only draw those 
^cketai which will be suffici^t to explain the method used in 
driving them ; namely, one picket through die fourth, a second 
through the seventh, and a tlurd through the tenth or uppermost 
course of fascines* 


£d. At the distance of S feet 6 inches, in front of the ioterior 
slope of your parapet, mark a. point upon the ground fine, in 
order to show the position of the sharp end of a picket, supposed 
to be diiven through the midifie of the fourth course of feaeiiies. 

A picket usually tapers, being smaller towards die point than at 
the head. ^Qn so smaU a scale it is not worth while to notice this 


dtffereflce. The sides of the picket may therefore be represented 
hy lines nearly parallel, so that the section of it will exactly 
resemble that of a palisade. 

Draw the section of your picket accordtiigly, making it about 
If inch thick. Let it pass dirough the center of that circle which 
represents the fourth course of fascines ; and let the sharp end of 
it terminate uppn that point on the ground fine, which was maiked 
for the purpose of detenntoing the position of the said picket. 

£3. Thiough the middle of die seventh and tenth courass of 
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fasciloes of your rev^tinmC^ 4ntir tifpo new fiickets, iit a diretction 
parallel to that folder ]^oket^ and efual to it in lengdi and 

thicknesd. 

24. A small of the original interior slope of the parapet 

remains above the uppermost faseine. Alter this part of yon# 
parapet a little, bjr drawing a new line with rather a greater sloped 
the above small portion of the interior slope being supposed to 
remain unrevOted. 

The section of your mortar battery is now complete. 


FIGURE n. 

♦ 

SECTION OF AN ELEVATED GUN BATTEbV.’ 

25 V At any convenient distance, not likely to interfere wiA your 
former^ figure, for instance, at about twelve and a quarter regalait 
ktahes from die left side of your mar^n, mark a point, upoo the 
same ground line, to represent the bottcnn of the interior slope ol 
the parapet of your proposed gun battery. 

26. Make the base of the interior slope of your parapet 1 foot 

lOjl iochea. Let yoii^ parapet be 7 feet 6 inches high ; and draw 
the interior slope, which wiU be in the proportion of one fourth of 
the height. , * 

27. Make your parapet 18 feet thick at top; gire it a dip of 
1 foot 6 inches, which is in the proportion of one twelfth ; and 
draw the superior slope. 

Draw also the exterior slope of your parapet, making die base 
of it equal to its height, which is 6 feet. , 

26. Make the perpendicular height of die sill of your embra* 
sure 2 feet 9 inches above die ground fine,, by marking o point air 
that height upon the interior slope of the panpet 

H 2 
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29 . From the above point draw a horizon^ line^ outwards^ 12 
vfeet in length, from the extremity of which drop a perpendicular of 
€ inches. 

Joip the sill of the embrasure and the foot of this perpendicular 
by an oblique line, whicli you will produce until it meets the 
exterior slope of the parapet. 

This oblique line will lepresent the sole the embrasure, which 
has a small dip or slope downwards. The above horizontal line 
and perpendicular are imaginary lines, and were drawn merely for 
the purpose of determining the said dip, which is in the proportion 
of one twenty-fourth. 

30. In rear of the parapet, set off 15 feet upon th^ ground line, 
for the length of th# platform ; and raise a perpendicular of 10 
inches to show its ri4. 

31 . Join the top of this perpendicular and the bottom of the 
interior slope of the parapet by an oblique line, which will repre- 
sent the top of the platform. 

32. Parallel to the top of your platform^ at the distance of 2^ 
inches below it, draw' a line to show the bottom of the planking : 
and at the distance of 6 inches below die planking, draw a second 
^pcftaliel line, for the bottom of a sleeper. 

^ . 33. Upon the front of your sleeper, and touching the parapet, 
describe a figure resembling a small square, having its sides each 
8 inches, in order to represent the hurter. 

34. Divide the remainder of your platform, in rear of the 
hurter, into 15 equal parts, and at each point of division, draw 
small perpendiculars across your planking to represent individual 
pkmks. 

Draw also two small perpendiculars for the ends of the sleeper. 

The section of your platform is now complete; and it only 
remains to represent the form of the ground behind it, a part of 
which ia supposed to be raised as hij^’es the reat'of the plalfora), 
ia order to ^ive it proper solidity. 
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35, For this puivpose, from the highest point of the tml of yoltfr 
platform, draw a horizontal line backwards, 2 feet long, to repnek 
sent a portion of the ground immediately behind it, which be 
made level. We shall suppose the remainder of the raised grdiUlid 
to be formed with a slope. 

36. From the extremity of your horizontal line, drop a 
pendicular to the ground line, to show the height of the said slofie^ 
in rear of which set off 2 feet 6 inches upon the ground line, for 
the base of it, and draw the slope.^ 

57 • Make the berm of your battery 3 feet wide. 

38. Set off 6 feet for the base of the reverse slope of youi 
ditch ; and draw the said slope, making the ditch 6 feet deep. 

59 . Make your ditch 1 1 feet wide at bottom : and draw the 
front slope of the ditch, giving it a base of^4 feet. 

The ditch of your gun batteiy, which is now finished, is made 
smaller than that of the mortar battery, which you before drew, 
although the parapets in both sections have the same general 
dimensions. The reason of this diffeience may easily be under- 
stood. The parapet of the gull battery has embrasures or laige 
openings left in it at certain intervals ; whereas that of the mortar 
batteiy is solid throughout. Consequently the former requires less 
earth fiian the latter ; and may be supplied from a smaller ditch or 
excavation. 

A 

In a gun batteiy, not only the interior slope of the parapet, 
but also the cheeks of the embrasures are reveted. The formar 


t 

* In ibe rough section of a giui battery, contained in tlie prece^log 
chapter, the slope is represented close to the tail of the platfomis without 
any level space between. That method weald be tdo weak iapmetier, as 
may appear evident on inspecting the figure alhided to, which was Hsf^wn 
merely for the sake of explanation (See pope 153). / » , 
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/ 

riloidd have a slope of at lea^t one fourth, as< represented in oui 
figure; but in the revetment of the cheeks, ^e slope is usually 
diminished to one sixdi of the height. ^ 

A 

The section of your gun batteiy is now complete ; with the 
exception of the revetments, which we shall not introduce in our 
present figure, as* they might make it appear confused. 


FIGURE III. 

SECTION OF THE EPAULMENT OF AN ELEVATED 
BATTERY. 

40. At any convenient distance, not likely to interfere with your 
last figuie, for instance at about four regular inches and three 
quarters from the light side of your margin, mark a point upon the 
eame ground line for the bottom of the interior slope of the 
epaulment. 

41. Make the base of this slope 1 foot lOj inches: let the 
height of the epaulment be 7 feet 6 inches ; and draw the interior 
slope of your epaulment accordingly. 

42. Make your epaulment 12 feet thick at top, which is two 
thirds of the usual thickness of the parapet of a battery. Give it 
a dip of 1 foQt 6 inches ; and draw the exterior slope of your 
epaulment, making the base of it equal to its height, which is 
Si feet. 

^4S. Make the berm 3 feet wide. 

44. Make the reverse slope of the ditch of your epaulment 
6 feet: let the ditch be 6 feet deep, and 6 feet 6 inches wide at 
bfottom ; and give it a front slope of 4 feet. 


» Our section is now completOj^ with the exception of die revet- 
ment, which wc shall next proceed to draw. 
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Let ua suppose that the battery^ of Mliich our present 
represents the epaulment^ is reveted with sandbags. 

Sandbags are strong bags of an oblong form, which wheM 
required for use are filled with earth and tied up. They are 'thea 
built in courses, in proportion as the work is raised of which they 
are to form the revetment, and are laid exactly like bricks or 
stones in the front of a wall, being disposed alternately as headers 
and stretchers.* Consequently; when viewed) from a certain 
distance, a sandbag revetment has very much the appearance of 
a stone wall. 

We shall suppose the average lengtli of each of &e full sand-^ 
bags composing the revetment of our battery to be 2 feet, their 
average width to be 1 foot, and their average depth 6 inches.^ 

It is usual in practice to level the ground for the first course 
sandbags, sometimes sinking a few inches below the surface, ib 
order to give it a proper bed or foundation ; but it is not worth 
while to notice the groove, which may thus be formed, on so . 
small a scale as that of our present section. 

45. You will therefore div^ the interior slope of your battery 
into 15 equal parts, and mark points accordingly, to represent ^tbe 
height of the several courses of sandbags, each of which, ;as:befdi^n 
menidoiied, is supposed to be 6 inches high. 

From various points, thus marked, draw short lines, oii^ 
wards, parallel to die ground line, in order to repres^t the tpp 
and bottom of the several courses of sandbags. 

* In building, a stone or brick is called a header, when one end of it ' 
agrees with die face orsoriacie c^a laid in such a manner tliat 

one of its sides agrees with die it is tei|pd^a stretcher. * . 

t The actual dimensions of ihe sandba^pi oi^ in the Britisb senlc^ are 
a litde less than the' above, which.laiyd heed hfi^seii''hi preferehee, being 
whede numbers. 'f/ H:, . . . ? ^ 
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46. In front of the bottom of the interior slope of your epaul- 
m^nt^ mark a point upon the groundline, at the distance of 2 feet ; 
and from this pointy draw a line parallel to the interior slope, 
meeting the first or nearest of the last drawn parallel^ines. 

This will form a small parallelogram resting on the groundline, 
the base of it being 9 , feet, and its height 6 inches, which is 
intended to represent a sandbag of the first or lowest course of 
the revetment, supposed to be laid as a header. 

Every alternate course of sandbags is supposed also to be 
laid as a header; and the top and bottom of every course is 
alr<|pi^y drawn : it therefote only remains to draw the back of each. 

* 47* Parallel to the interior slope of the epaulment, and at the 
distance of 2 feet measured horizontally, you will therefore draw 
lines to represent the back of each of the remaining odd courses of 
your revetment, commencing vcith the 3d, 5th, 7th, &c. and 
continuing in the same manner, in regular order, until the whole 
are finislied. This being done, all the odd courses in your sand- 
bag revetment will be reptesented by small parallelograms equal 
to each other. The even courses ^ust next be diawn; which is 
done according to the same method nearly. 

46. Upon that line, which represents the top of the first or the 
bottom of the second couise of sandbags, mark a point at the 
distance of ] foot, measured horizontally from the interior slope 
of the epaulment ; and from this point draw a line parallel to the 
said slope and meeting the bottom of the third course of your 
revetment. 

By this means you will have formed a new parallelogrant, 
smaller than those which you before drew, but of the same height. 
This is intended to represent a sandbag of the second course of 
die revetmentj|aapposed to be lidd as a stretcher, ^d which con- 
ocrapying less depth in the section of a work, than 
sandbag of equal su^ laid as a header would do. 

Represent, in the same mannef, the back of all the remaiiH 
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ing even courses of your revetment^ that is to say of the 4tb| 

8th, 10th, &c. &c., by lines drawn for that purpose, parallel to tbe * 
inteiior slop*', at the distance of 1 foot set off horizontally. 

This being done, the whole of the courses of your sandbag revet- 
ment w3l -be represented in }our section by small parallelograms of 
two different sizes, the longest of them lepiescnting the headxrs^ 
and the others the stretchcrs. These small figures must next’' 
be altered a little, in order to give them a moie exact resemblance 
of sandbags. 

50. Round off in a small degree all the angles of your parallelo- 
grams, but particulaily of those ends of them, which are laif^posed 
to be sunk or buried in the body of the parapet ; bsmbB whicb^ 
you will further alter }Our headers, by making to the buried end of 
each a small addition, in order tO represent the form of the neck of 
the sandbag, which is supposed to be tied up, as was before 
observed. 

The revetment being now correctly represented, your section is 
complete. 

51. Pen your three sections, leaving breaks in the groundline 
between (hem, to show that they are distinct figures ; and dot the 
imaginary lines, excepting that perpendicular in your first figure, 
which represents the interior height of the parapet, as also the cor- 
responding perpendicular in your third figure; neidier of which 
could well be introduced, without making tbe revetments appear 
confused. 

52. Over your first figure, write, in a conspicuoits manner,^ 
Section of an elevated Fascine Mortar Battery ^ 

53. Over your second figure, writo, in a couspicuoua 
fieciion of an elevated Gun Battery. 
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54. And over your third figure, write, in a conspicuous manner, 
Section of the Epaulment of an elevateA sandbag Battery. 

Before the Learners draw their sections on a scale of ten feet to 
an inch as above directed^ in order to form part of a complete 
drawing, including also the plan within the same margin ; it will 
bebest^ for them to draw the sections separately on a much larger 
tcale, such as five feet to an inch^ because the former scale will 
scarcely be large enough to give a just notion of the smaller parts 
of a battery, as represented in a section, unless the drawing is 
executed with very great neatness and accuracy. 

PLAN OF AN ELEVATED BATlERY FOR THREE GUNS 
AND FOUR MORTARS. 

\ 1. At any convenient distance, for instance at about nine regular 
inches and a quarter, below the ground line of your sections, 
and parallel to it, draw a right line across your paper to represent 
the bottom of the interior slope of the parapet of your proposed 
batteiy. , • . 

The length of the battery, which must be set off upon the above 
, line, will be as follows. The three guns, at 18 feet each, which is 
the usual interval allowed per gun, will take ujp a space of 54 feet : 
the four mortars, at 15 feet per mortar, will require a space of 60 
feet; and we shall allow 18 feet for the breadth^ of the base of a 
traverse, aupposed to be placed between the guns and mortars. 
This gives a total of 186 feet for the lei^th of the battery, exclu- 
sive of the epaulments; t 


* In making ascale qf 4 or 5 feet to an inch, fee line drawn for that pup* 
pose should not be divided into parts of iQio'et, but into diUsions of } foot 
each, and the left division of fee should b.n parts of 

'a or Sincfaeseacli. ^v' ^ 




CONSTRUCtlON OF A FIELD BATTEBIT. 171 

2. Bisect the line which you have just drawn, and from llie pikU 
die of it set off 63 feet each way. The two new points, thua 
found, will of course be 126 feet distant from each other ; and the 
space comprehended between them will therefore represent the 
total length of the battery, the center of which will, by this 
arrangement, agree with the middle of your paper. We shidl 
suppose the guns, to be placed at the right, the mortars at the left 
of the battery. 

3. From that point, upon the above line, which represents the 
left extremity of your battery, you will therefore set off 60 feet 
for the extent of your mortar battery ; to the right of which set off 
12 feet for the traverse. The remaining 54 feet, will show the 
extent of the gun battery. 

4. From those two points, which marlt the width of your tra* 
verse, drop perpendiculars^ each IB feet long, to show the length 
of it. 

Join the extremities of these two perpendiculars by a right line, 
and the form of the base of your traverse will , be complete. 

The epaulments of your battery most next be' marked out, which 
is generally done by giving them a certain splay, outwards, so that 
each of them, shall form a mod.erate.Iy obtuse angle with the face 
or front of die battery. Let us suppose that 1 foot in 4 is con- 
sidered a good 'proportion for the 'abbve'^splay. The e|laulments 
will then be drawn as follows. 

5. From .ihe extremities of your battery drop perpendictdan^lS 
feet long, and from the eodf::of these p^peudiculars drii^ lines, 
outwards, parallel to the face of the battery'^and 3 feet long. . 

6. From each extremity of your battery, draw «n oblique line 
through the (end of the nearest of . the two last drawn lines; and, 
make these oblique lines each 26 long. ' 

The two oblique* lines, thus, dn^wn^' will represent the bottom of . 
the interior slope of your epaidman]^ ^ ' ^ ‘ ' 

The boM of the para{i^ oi your is to be 25 
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feet lOj inehes wide^ , as' may be observed by referring to your first 
and second ae^ons; but die base of the epaulments of ^your batte^ 
is supposed to be onfy 19 feet lOi inches, wide, as may be obwve^; 
by referring to your third section. • > 

7* In front of that line, M'hich represents the bottom of the inte^' 
nor slope of the parapet of your battery, you will therefore draw a 
line parallel to it at the distance of 25 feet lOi inches, in order to 
represent the foot of the extjmor slope of the parapet. 

8. And in front of those twb-jines, wbii^ repri^seiit thi^. bottom 
of the interior slope of the epaulments of your battery, drsiw..'li«e8 
parallel to them, at the distance of 19 feet lOl inches, to refM^- 
sent the foot of the exterior slope of the said epaulments. . i 

9. You before, set off 26 feet for the length of each of your 
epaulments. From the points thus *m^ked draw perpendicu- 
lars outwards, as far as the exterior slope, to sbowVk^a^xtremities 
of them. 

10. The base of the' interior slope of the parapet, as also of the . 
epaulments, and of the traverse of your battery, being everywhere ' 
equal to 1 foot lOl inches; you will draw lines outwards, at the 
above distance, parallel to those lines' which represent the bottom 
of the various interior slopes. 

The last drawn paralllels wUl repi^senf the interior crest of the 
parapet «f the battery, as also the interior crest, of, each epaulment, 
and the crests of the traverse. 

11. In Tear Of those lines, which represent the foot of the 
exterior, elope of the parapet wd of the; epaulments of yotir 
battery, draliv^ lines parallel to tfa^, at foie distance of 6 feet, 
vihieh is the space allowed for the base of the exterior slope of 
each. 

The last dmwn lines wHI repfoseht the exterior crest of tlie 
parape'^' wBei Of the two epaOlments, of your battery. 

We shall suppose that the.exhemirieS'Of the epaulments of our 
batteiy. are unreveted, and' that foey are forined with, a slope 
whose base ieequal to its height!. 
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12. 'From the extremities of two ep^ulm^ upon those 
lines^ which represent the interior cre^ ofi^^ei^^.^ou will therefore 
set off 7 feet 6 inches^ which is equal to the iiiterior height of the 
epaulment. 

Ahd upon those lines, which represent the exterior crest of each 
epaulment, you will, in like manner, set off 6 feet, wlucli is equal 
to the exterior height of the epaulment. 

The above distances are intended to determine the base of the 
slope bf the extremity of* each epaulment. 

13. Connect the adjoining points, thus marked, near the ex- 
tremity of each epaulment, by right lines ; and from die ends of 
these right lines, draw ob)ique lines to the .nearest angles of the 
extremities of your two epaulments. 

This being done, you will have a correct representation of the 
extremities of each of your epaulments, as they ought to be laid 
down in the plan of a battery, under the supposition that diey have 
the above-mentioned slope of 1 to 1. 


It was before stated, that the nfgeting of two oblique planes will, 
in all cases, necessarily form either a ridge or a furrow, as may be 
observed in the roofs of houses: and the same thing of course holds 
good in works of fortification, where by-reason of the various slopes 
commonly used, many oblique planes are constantly combined 
together. 

The ridges and furrows, thus" formed, like those of the glacis 
and ramps, which you have alr^<||r drawn, are always represented 
in a plan by right lines. * 


14. Join all the opposite angles of the crest and base of your 
trav^se by right lines, for; thO; above reason. 

At .lbp front of your traverse, wHei^ it is coimecfod with die 
parapet of the battery, these lih^ , w^ l^rows : at the 

rear of your'^v^se they will ^ 

15. Join also the opppsifo stipes of the s^^aer 'otjoikrt^ 
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teiy. n^l'sbpw the feirroifvs,- formed by the 

iiieedBig./x^ tb4^S^ of the* parapet and epaidments ; as 

also the iS<%^^l^rjiied by the meeting of their superior and exte- 
rior slojpes/ 

16. . In the sj^ce of 54 feet, \rhich was originally marked for the 
<iiX!tent of your gun batteiy, set off 9 feet from the two extremities 
inwards* 

17. Bisect the distanOe between the two points thus found, 
which wdll give you a third point. 

The above three points, which are exactly 1 8 feet apart, will 
show the center of each embrasure. 

18. Tlirougfa these points draw perpendiculars intersecting the 
parapet, which you will also produce to some distance in rear of 
it, in order to represent the lines of fire of your three guns* 

•js On referring to the section of yoiw gun battery you will find that 
rthe height of the sill of your embrasure is 2 feet 9 inches. 

19. From the points above marked, you will therefore set oflF 
84 inches, ' outwards, upon every line efif lire, to represent the base 
cf the slope of the sill of . each embi*asure, which is supposed .|q 
be equal to one fourth of its height. 

Through the new points, thus found, draw lines parallel to 
the face of the battery, and 2 feet 2 inches long ; one half of 
which length must be set off to the right, the other half to the ][eft, 
of each line ofjfire. 

The last drawn !lines will represent the length of the of the 
embrasure, or in other words die width of the neck of the embra- 
. siifo at bottom. . ^ 

^ 21* In front of the sill of every embrasure, measure 18 feet 
upon the line of fire, on each side of whiph pointy off 4 feet 
6 inches, upon a line drawn parallel to the free of the batteijv. 

The lines, thus drawn, which are 9'foet in length, show the 
width of the embrasures tow4^ the front, at the distance pf 18 
feet from the sill. 
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• • y 

^9,, From the right and left extrem^cs of the. sHl bf 
embrasure, you will therefore draw oblique lines through the tidlpt' 
responding extremities of die last drawn lines. 

These oblique lines correspond with the bottom of the cheeks' 
of the embrasuics, and at the same time show their splay. 

In the section of an elevated gun batteiy, which you before drew, 
if you drop a ]>erpendicular from lAe mouth of the embrasure to 
the ground line, and measure the distance between the bottom of 
this perpendicular and the foot of the exterior slope of the parapet 
you will find it to be 1 foot 94 inches. 

23. The above distance represents the base of the exterior slope 
of the embiasure: }Ou will tfaeiefore, upon each line of fire, in 
youi plan, set off 1 foot 94 inches in tear of the foot of the exterior 
slope of the parapet, and through the points thus found, draw 
right lines paiallel to the face of your batteiyr. These lines WiU 
represent the mouths of your embrasures. 

24. Produce tho bottom of the cheeks of your embrasures, out- 
wards, until they meet the last drawn lines ; and the lorm of the 
soles of your embrasuies will be complete. 

The slope of the cheeks of your embrasures must next be repre- 
sented, which we shall suppose to be in the proportion of one 
sixth of their height. 

In order to do this properly, you must lefer to the section of 
yoUr elevated gun batteiy , and measure the interior height, as also 
the exterior height of die merlon, taken veitically, above the sole 
of the em^asiire. 

The interior height of the merlon, measured veitically, as above 
dnected, will be found to be 4 feet 9^ inches nearly. 

25. You will therefore take 94 inches, which is one sixtb of 
the above height nearly, and set it off, m your plan, from the 
cheeks^ of all your embrasuies, outwaids, in a perpendicular 
dircctio&)|*jpD4iis to cut the interior Crest of the parapeU 

In like K^fiShiEir the exterior height of the merlon, measured veiti- 
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callji by referring to your section^ as above directedi will be 
jfbund to be 4 feet Oj' inches nearly. 

i; 26. You will therefore take 8 inches^ which is one sixth of tire 
qWve height nearly^ and set it off, in your plan^ from the cheeks of 
all your embrasures, outwards, in a perpendicular direction, so as 
to cut the exterior crest of the parapet. 

£7* Join the corresponding points, thus marked, near the 
, ' cheeks of each embrasure, by drawing right lines between the 
interior and the exterior crests of die parapet. 

The last drawn lines will show the top of the cheeks of all the 
^brasures. 

28. Connect the extremities of the above lines, and the adjoin- 
ing angles of the sole of each of your embrasures. 

. This being done, the embrasures and merlons of your gun 
will be complete. 

29^ Praw lines parallel to the foot of the exterior slopes of your 
battery all round, at the distance of 3 feet in front of them, in 
order to show the breadth of the berm. 

80. Praw a second set of parallels in front of the berm, at the 
- ifistance of 6 feet, in order to represent the extent of the base of 

the reverse slope of the ditches of your batter}'. 

- As the ditches of the gun and mortar batteries are supposed to 
be of unequal widths, you will draw a perpendicular from the foot" 
of the reverse elope of your battery outwards, in the direction of 
the f^ht side of the base of your traverse produced. Thjp line is to 
inj^^e division between the broad and the narrow parts of tlie ditch. 

81. Make the ditch of your mortar battery 14 feet 6 inches 
wid^ at bottom, drawii^ a parallel at the above . dnfUmce, to 
represent the outside of the bottom of it.^; 

32. Make the' ditch of your gun battery 1 1 feet wide at bottom, 
drawing a parallel at the abpve distance to represent;. outside 
of the bottom of it. 
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The broad part of the ditch is continued, not only in M 
the parapet of th^ mortar battery^ but also before the traverse>^ ^ 
the manner now represented in our figures, because traverses like^ . 
wise, require a considerable additional quantity of earth-; so much ‘ 
so that, in making them, it is generally found necessaiy to procure 
materials from die rear of the tottery. ’ " . 

3.3. Make the ditches of yOur epaulments 6 feet 6 inches wide 
at bottom, drawing parrallels at the above distance to representthe 
outside of the bottom of each. ^ 

34. Set off 4 feet, all round, for the baser of the front s](^ of 
the ditches of your battery ; and draw parallels, at the above dis- 
tance, to mark the extent of it. 

35« Produce outwards, beyond the berm, those two 'perpe|i>^ 
diculars, which were first drawn, in representing the extrem^eis 
of the epaulments of your battery; and let these produced , liifka 
mark the extremities of the ditches of the said epaulments^ ^ 

36 » The extremities of the ditches of your epaulments may be 
formed with a slope. Parallel to the last drawn lines, at the'^dis-* 
tance of 4 feet, you will therefore draw lines across the^ bottom of 
the ditches of your epaulments, in order to show the extent of the 
base of the said slope. 

The broad and narrow parts of the ditch of the front of your 
battery may also be formed so as to meet each other with a slope. 

37* To the right of ths^ pei^eadicular which marks the division . 
between the broad and narrow parts of your ditch, and parallel to 
at the distance of 4 feet, you will therefore draw a right line tq tber# 
the extent of the base of the said slope ; and produce the top of Hbe 
front slope of your mortar battery, until it meets the last drawn line. 

-38. Ihraw lines connecting the corresponding points of the top 
and. bottom of the ditches of your battery, at eveiy angle, in ordftf 
to repmiKnt ,the ridges and furrows formed by the mMtiiig of 
the variou&?!ldqpe^ - , * 

The whole of the ditches o^^your batftery are now coiupl^; 
and it only remains to draw, the plidforms. « ‘ 
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39. UpoB each line of fire of your gun battery, set off 15 feet, 
from the bottom of the interior slope of tbe parapet, backwards, in 
order to show the length of the platforms ; and through the new 
' points; thus marked, draw lines parallel to Ae face of the battery, 
to represent the position of the tail of each platform. 

We shall leave that platform which is to the right of our gun 
battery, unfinished for die present, so that you will apply the 
following directions to the construction of the two other platforms 
only. 

^ 40. To the right and left of the line . of fire of each of the two 
left guns of your battery, set off 4 feet 6 inches upon the bottom 
of the interior slope of the parapet. 

And to the right and left of each of the same lines, set off 7 feet 
upon those lines, which were before drawn, in order to represent 
the, position of the tails of your platforms. 

The points, thus found, will determine the width of your plat- 
forms, which is supposed to be 9 ^eet in front and 14 feet in rear. 

, 41* Draw the sides of your platforms. 

42. Draw a line parallel to the front of each platform, at the 
distance of 8 inches in rear of it, in order to represent the back 
of the huFter. 

43. Divide the remainder of the length of each platform into 

>,15 oqual parts, marking points for diat purpose upon the line of 
fire ; through which points you will draw right lines parallel to 
^ front of the platform, in order to represent the joints of the 
plaiiks. ' 

In the right platform of our gun battery which remains to be 
.drawn, we shall suppose that the sleepers only are laid. The 
manner of drawing a platform in this imperfect state is as follows. 
/^44. Instead of 4 feet 6 inches take onlx 4 feet, and instead of 
7 feet take only 6 feet, and mark points accordingly, at the above 
distances, to the right and left of the line of fire of your unfinished 
platform, in front and in rear of it; in the same, manner that you 
set off the width of your former pktforms. 
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45. Draw ri^t lines connecting tte corresponding points Ibusf 

marked^ in order to show the exterior aides of the right and 
sleeper of your platform. / • ‘ 

46. Make the above sleepers 6 inches wide. 

47* Exactly half way between &ea6, draw the center sleeper of 
your platform, making it also 4$ inches wide, the middle of which 
will of course exactly agree with the line of fire. 

48. Bisect the distance between the center sleeper and each of 
the others, both in front and in rear of your platform. 

The points thus found^wiil give you the position of the middle of 
the second and fourth sleepers, which you will draw accordingly, 
making them 6 inches wide like the others. 

49* Draw two small circles of about three inches diameter, 
near the front and rear of each sleeper, and touching the sides 
of it, in order to represent the heads of pickets, which are. some*^ 
times driven into the ground, for the purpose of steadying the 
sleepers. ! ^ 

50. Upon your two former platforms draw lines to show die 
position of the center of each sleeper. 

Upon or near the above lines mark five points on every plank, to 
represent the heads of spikes, supposed to be driven dirough it into 
the sleepers, fcu:^ the purpose of confining it in its proper place.*’ 

These ^ints may be marked, not exactly in die -middle of 
each plank, but altmifdibly towmds the front and rear of it, as 
the latter is usually considered the strongest methpd of spiking ^ 
down planks. v " « 

In drawing the plaH of a battery on a very large scales such' 
05 4 or 5 feet to an ifichj the back and front offia^h hurter would 
requite to be altered from their present form, in the manner 

* In drawing platforms, or other woodwork, on a much laiger seate, .the 
beads of spikes might of coum require tp be represented by,smsn circles, 
instead of points. * ’ . 
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directed in Noe. 61- md 59 , : but on so small a scale as 10 feet to 
mn inch, it is not worth while to make t)ie alteration alluded to, 

^ The Learner may therefore, in constructing his battery, proceed 
to No. 63 at once, without noticing the intervening paragraphs, 
which are itdroduced merely for the sake of rendering the direc- 
Hons complete, so as to apply to any other larger scale, that 
might be used. 

^ It IS to be observed that the hurter rises nearly 6 inches above 
(lie bottom of the interior slope of the parapet; as also above the 
part of the platform : and the back of it is laid parallel 
to the interior slope^ which is in the proportion of one fourth of 
tQi height. • . 

the back of the hurter must also have a similar 

5U In front of that line, which represents die back of each 
hurter, you will therefore draw a second line parallel to it, at the 
ilistance of about inch, in order to represent the base of the 
above sldpe. 

' For the same reason the front of the hurter ought not exactly 
to agre^ with the bottom of the interior slope of the parapet, as 
at present represented in our figure, bpt with a part of the slope, 
about € inches higher. 

' 69, In' front of the bottom of the interior slope of die parapet, 
and parallel toit, you will therefore draw lines sH die distance of 
H inch, in order t6 represent the proper posidon of the front of 
gaefa barter : and produce the sides of every platform until they 
pteet the said«fines. 

58* Ne^ each end of every hurter represent a spike, placing 
tih|| 8sud spftes over the middle of die outside sleepers. 

Your gun platforms are now complete, as fiiff as .is intended, 
two of diem b^g represent^ hi finished state. 

54. In the space ot 6b feet, woich was origmally marked for 
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the extent of your mortar battery, set off 7| feet from ^ the tu'o 
extremities inwards ; ai^ divide the intermediate space into three 
equal parts. 

55 . From the various points, thus marked, which will be 
exactly 15 feet apart, draw perpendiculars, backwards, to represent 
the line of fire of your four mortars. 

And upon these perpendiculars, at the distance of 7 feet in rear 
of the bottom of the interior slope of the parapet, set off 8 feet 
for the length of each platform. 

56. Make your mortar platforms 8 "feet wide, and draw the 
three left platforms of your battery accordingly, b the form of 
regular squares, setting off one half of the above, width tp ^ 
right, the other half of it to the left of each line of fire. , < 

57. Divide the length of each of the abo.ve three platfilnub into 
eight equal parts ; and through the points of division thus 

draw lines parallel to the front of your platforms, to i^remliAe 
joints of the planks. < 

In our remaining platform, which is not yet drawn, we shall 
suppose the sleepeis to be laid only. 

58. Through those two points, which were previously marked 
to show the length of tlie above platform, draw Ibes parallel to 
the bottom of the interior slope of the parapet, to show the jlosi^ 
tion of the ends of the sleepers. 

59* At the distance of 3 feet 6 inches to the right; and of 
the Ime of fire of your unfinished platform, draw lines parallel to 
it, to show the exterior sides of the right and left sleepers ; and 
diaw the said sleepers, making them 8 niches wide. 

60. Draw two new sleepers between the former, parallel to * 

them and equal to them b length and width; taking caie to 
divide the distance b such a manner, that all the inteivals between 
your four sleepers shall be equal to each other. ^ 

61. Near the front and rear of each sleeper, on both sidmjWit 
and toucbini^ it, draw email circles of about 3 bches diameter, to 
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represent the heads of picVetSi which are sometimes driven into the 
ground, for the purpose of steadying the sleepers. 

62. On your three former platforms, draw lines in order to show 
the position of the center of each sleeper. 

63. Upon or near the above lines, mark four points on every 
plank to represent the heads of spikes, in the same .manner that 
you before represented the spikes of your gun platforms. 

This being done, the plan of your gun and mortar battery will 
be complete. 

64. Pen your plan, representing the interior crest of the parapet 
and epaulments, as also the crests of the traverse, and the back of 
each barter, by thick lines. 

65. Dot the line of fire of your right gun, and of your right 
mortar. Dot also those imaginary lines which were drawn for the 
purpose of determining die splay of the embrasure of your right 
gun, and that of the right epaulment of your batteiy. 

66. In any convenient place, near the bottom of your drawing, 
insert a finished scale ; and pen it. 

Over your plan wnte, in large letters, plan of an el£- 

VATEt) BATTERY FOR THREE GUNS AND FOUR MORTARS. 

68. 0\er your scale, write die words. Scale of 10 feet to an 
inch. 

69. And finish your maigin in the usual manner. 


REMARKS. 

The field battery, which you have now drawn, is supposed to be 
an offensive battery, such as might be used in a siege. 

The ditches in your figure are drawn of a more regular form, 
dis|| would be necessaiy in actually construc^ng a batteiy of this 
description. The only thing esseildal in practice, as far as regards 
the ditch, is to give the reverse slope of it, a sufficient base to 
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prevent it from falling. If this is donei and a berm of . two dr 
three feet left, the stability of the parapet will be provided, for. 
Independent of its contributing to the above object^ the berm is 
also useful during the construction of a field battery^ and therefoio 
should not be omitted. These points being attended to^ any irre^ 
gularities in . the form of the . outline of the ditch, or in the depth oir 
width of it, are not of importance, nor is tlie front slope of it of 
the lea^t consequence ; because the security of the parapet does 
not in any degree depend upon it, so that it matters pot whether 
that side of the ditch stands or falls.' This remark applies to 
offensive batteries only, in which the principal or sole use of |he 
ditch is to supply materials. In defensive field works, on the con« 
trary, no less attention must be paid to the form and preservation 
of the ditches than of the parapets. 

Experience has jn-oved that in military works, one cubic yard, of 
excavation from a. ditch or trench, will furnish as nearly as possible 
the exact quantity of materials required for completing one cubic 
yard of rampart or parapet ; provided that the soil excavated is in 
its natural state, not previously loosened by artificial means, and 
that, in forming the work, the proper precaution of ramming or 
otherwise pressing it into a compact mass has been taken. These 
suppositions generally hold good in works of fortification, and may 
therefore be assumed as just grounds for calculation ; but if such 
were not the case, as for instance, in works executed in a loose 
slovenly manner, the proportion between any excavation and the . 
elevation of earth formed from it, might vary considerably from the 
above ratio. 

But, although in conformity widi the rule, w'hich has just been 
stated, I fiave suppos^ the total quantity of eardi, excavated 
from the ditches of our. battery, to be nearly equal in measurmn^nt 
to the quantity contained fo ^ parapets and cpaulments ; you^ill 
find, on examini ng any of foe sections, that die area of the excava* ' 
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iion, there represented^ is moch less than that of the corresponding 
eleiiatioii* The reason of this difference is, that, bn account of the 
an^Iar fohnof the extremities of the battery, the mean length of 
the ditch is much greater than that of the parapets and epaulments 
ad(ied together. .Consequently, as the. former has more length, it 
could not possibly be equal to the latter in cubic measmemeut, 
according to our supposition, unless its other dimensions w'ere 
smaller in proj)oition. 

'^The same remark holds good in all other works having salient 
angles. In any small inclosed field work for instance, the mean length 
of the ditch must necessarily be much greater, than that of the work 
itself which it surrounds. Consequently in a section taken tlirough 
any part of the work, the area of the excavation will necessarily be 
jpsuch less than the area of tlie corresponding elevation.’**' 


CHAP. XI. 

SUPPLEMENTARY REMARKS ON PLAN DRAWING, AS AP- 
PLIED TO THE PLANS OF MILITARY WORKS. 

If you examine attentively the plan of the battery, which you 
have just drawn, you will perceive, that that part of your figure, 
which represents the sloping extremity of the epaulment of your 
battery, forms an exact section of the epaulment. itself. 


* In speaking of tbc actual construction of works, and partieularly when 
used in opposition to an excavation, the' term^ elevation implies the 
whole of the elevated parts, that is to say all those parts, which in the sec- 
tion of a work would appear above the ground line. Bujt ki speaking of 
the'llelineation or representation of works, &c. it always implies a kind of 

geometrical (hawing, b e en 
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In all cases^ it is tp be remarked^ that wheneTer the extremity of 
any work, has a slope^ the plan of it will, in some measure, resemble 
the section of the same work ; but it will not always be a regukr 
or correct section of it. 

It becomes a regular section, in your present figure, partly 
because the slope is equal to the height, and partly because the 
extremity of the epaulment is perpendicular to the general line of 
that work. 

Draw another plan of the epaulment only of your battery, on a 
separate piece of paper, but on the same scale. 

Here follows a sketch of the epaulment (f a 
battery f on a much smaller scale, but sufficiently 
clear to explain the remarks which are about to 
be made. 


Rub out the slope represented in the plan, 
and restolre the figure to its original state, as it 
stood before the slope was drawn. 

Now let us suppose, that instead of a slope equal to the height, 
the extremity of the epaulment of the battery had a slope equal to 
half the height only. 

From the extremis of the epaulment, upon 
tliat line which represents the interior crest of 
it, mark a distance equal to half the interior 
height of the epaulment. 
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From the extremity of Ae epaulment, upon 
that line ivhich represents the exterior crest of 
i^ mark a distance equal to half the exterior 
height of the epaulment. 



Connect Ihe points thus marked ; and the ad- 
joining angles of the work by oblique lines ; and 
the plan of the extremity of an epaulment, hav- 
ing a slope of one half its height only, will be 
complete. 



Rub out superfluous lines ; and you will per- 
c^ve, that there still remains a figure resembling 
a section of the epaulment, but it is no longer 
an exact section. 



Rub out your figure, and by the same rule, 
draw the plan of the extremity of an epaul- 
ment having a slope of double its height 


The same remark will apply here as in the last case ; the form 
of a section still remains, but not a regul^ one. 

Rub out your figure, 

1 shall now proceed to show the effect produced in the appear- 
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ance of the sloping extremity of any work, as represented id a 
plan, when it is not laid out at right angles. f * 


Draw the various lines of an 
epaulinent, as .before, but in- 
stead of a perpendicular, draw 
an oblique line to show the ex- 
tremity of it. 




This being done, let us suppose, first, that the extremity of the 
epaulment is to have a slope equal to its height. 

Draw a line parallel to the extremity of the epaulment, at a dis- 
tance equal to the interior height of that work, and let this line 
intersect the interior crest of the epaulment. 

After finding the above intersection, rub out the remaining 
parts of the said line. 

Draw a second line parallel to the extremity of the epaulment 
at a distance equal to the exterior height of that work ; and let this 
line intersect the exterior crest of the epaulment. 

After finding this intersec- 
tion, rub out the remaining 
parts of the last drawn line. 



Connect the above points 
of intersection and the extre- 
mities of your oblique line, by 
right lines. , 
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Rub out lli 086 j{^ 
driginal figure, wUcb uow 
becme auj^UQUB; and the 
form of an epaulment having 
» oblique extremity is com- 
plete, in the manner in urhich 
it ought to be represented in a 
plan. 




You may now observe, that the plan of the sloping extremity of 
an oblique epaulment still retains some resemblance of a section of 
that work ; but it is no longer ah exact section, although the slope 
is equal to the height. 

If instead of having a slope equal to its height, the extremity of 
an oblique epaulment trad a smaller or greater slope, the figure of 
it would of course become still more distorted,, if compared with 
the proper section. 


Draw the plan of an ob- 
lique epaulment, according to 
the same rule as the last, but 
giving it a slope of only one 
half of its height. The figure 
of it will then be as follows. 



or 



Some resemblance of a section can still be traced, as you may 
perceive, but. it is a very distorted one. 

In finished plans of Fortification, or of works containing a great 
number of slopes, a learneris Upt to bepuzzled, unless he under- 
stands the nature of the various lines; aikt the small disproportioned 
or distorted sections, which always appear ill the plan, are particu- 
larly apt to perplex him ; so that often the piost simple works may 
appear complicated in a plan, for this reason. 
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Foriiutence, nc^b^ ia ampler tbmg than one of the.tqeln^^ 
of the covered way, tlie section of which conaUts of a amali 
pet with a banquette in rear of it. The plan of it' ip outlme is alaf|(.;' 
exceedingly simple, it being merely a inktadgle. 

But in the finished plan, in which die slopes are expretsed, ip 
addition' to the lines of'the parapet and banquette, there appears a 
small distorted section at each extremity of die traverse, on accmmt 
of the slopes of the said extremities, which are almost always revetad. 
Owing to these additions, the traverse, which is the simplest of all 
parts of a fortress, becomes in die finished plan, to all appearance, 
one of the most complicated. 

These details, which are seldom or never explained, in die com- 
mon modes of teaching Fortification, generally prevent the leanim' 
from acquiring any just notion of the works represented, even 
although he may have drawn a great number of plans. 

The same remarks, which have jiist been made respecting die 
plan of the epaulment of a battery, apply, in like manner, to all 
other works which terminate abruptly at one extremity ; such as for 
instan'ce the faces of a ravelin, oi' those of a tenail. 

In order to explain this observation, 1 shall take for my exwple 
a simple tenail. 

* 

We will first draw a regular 
section of that work, but on a 
smaller scale, omitting the 
thickness of the revetments, as also the cordon and coping ; but 
showing all thd necessary slopes. 
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Draw a dotted horizontal line 
over the section of the tenail, 
and ' from every point ia- die 
section raise dotted peij^npi- 
onlars, meeting*. the. said hori- 
zontal line. 

Marie die dotted horizontal line by the letters a b, and mark the 
various sfNices comprdiended between the dotted perpendiculars, 
in regular otdier, by the numbers 1, 2, 3, 4, o, 6, 7, 8, and 9* 

Thun die dotted horizontal line a b will represent a plane of pro- 
jectio% the use of which was explained in the Principles of Plan 
Drawing. 

‘ Draw two lines of any convenient lengdi feuming an obtuse 
angle to represent the front of the simple tenail, of which you have 
already drawn the section.. 

In. order to complete the plan of your simple tenail, you will 
next draw lines parallel to the front of it; making the distances 
between these parallel lines, in the plan, correspond exaedy with 
die distances between the various dotted perpendiculars, in the 
■ection. 

Draw also two right lines to represent the extremities of your 
tenail. 

Draw lines to represent die ridges and furrows formed at (he 
meeting of the various slopes near the reentering angle ; and let 
diese lines -extend across the whole of tfae teiiid,- excepting the 
berm, banquette, and terreplmn. llliere no ridges or furrows 
must be represented, because these parts of die wtarl^are horizontal, 
OT nearly so.' , 
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Mark die spaces between the various parallel lines, in the ptan, 
with the numbers 1, 8, 3; 4, 5, 6, 7, 8, and 9, so as to agree wkli 
the 'ciMvesponding spaces, in the section, to which they are re- 
spectively equal. 



The space 1, in the plan, corresponding with the space also 
marked 1, in the section, represents the interior slope of the ramput 
of the tenail, that is to say, if tiiis work is not reveted in rear. 
But if the tenail were supposed to be reveted in rear, then the 
space 1 ill the plan. would represent -the slope of the goige 
revetment. 

Thd space 8 is the terreplein. ^ 

3 The slope of the banquette. 

4 The banquette. 

5 The interior slope of the parapet. 

'6 The superior slope of the parapet. 

7 The exteinor slope of tiie parapet. 

8 The berm. 

9 -The slope of the scarp revetment of the tenail. 
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» y ' 

Now if the oitreoMties of your tenail ’are ruppos^ to %eve a 
of one half their height, then the'same rule wilt in 

. the plan of Aem, which you brfwe followed, ia dmw- 

^ dte plan of die oblique extremi^ of an epaulment^aywg'that 
■ateiiet 

• Draw the two ^tremities of your teoail accordingly, giving each 
of them a slope of half its height } and rub out superfluous lines 


and marks. 



The plan of a finished teuail is now complete, on examining 
which you will find, that, iu conformity with the above pneral 
rplAv extremities of it do, each of thtan, resemble a astorted 
of the work. 

' ^ , I ' t 

f^trcmities of tenails, ravelins, and other permanent works 
of fortification, are almost always reveted; and scarcely ever have 
a slope of more than one sixth of tlreir height. In the above 
example we have chosen a much greater dope,, merely for the sake 
of' rendering the figure more clear. 

But the extremities of a work, although constructed with a 
slope, may not always be laid out in one continued right line, 
which has hitherto been supposed tp be the case. Somebmes one 
or both of the angles may be rounded oflF. This is usually done 
wt extremity of a traverse, which .fluSas towards the glacis. 
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When the sloping extremity oj a work is partly rectilinear .and 
partly A:urved, those parts of it, which are laid out in a right line, 
still retain, in a plan, sdme resemblance of a section of the worit; 
but these sections, on account of the circular parts, will be imper- 
fect at the angles ; for as circular slopes do not meet abruptly in 
any points, no ridges are formed by them ; and consequently, no 
lines are drawn across them, in representing them in a plan. 
Where these lines are wanting, there the resemblance of the sec- 
tion of the work will be incomplete. 

We shall first illustrate this remark, by means of two very simple 
solid bodies, the pyramid and cone. 

Draw the plan of a square pyra- 
mid of any convenient size. Draw 
also the plan of a cone. 

The sides of the pyramid slope regularly every way from the 
base to the vertex. The cone also has a regular slope, in like 
manner, from every part of the base towards the vertex. 

But by reason of the circular form of the base of the cone, all 
the slopes of its surface blend gradually into each other without 
forming angles or ridges anywhere; and consequently the circle 
which you have drawn to represent the base of your cone>. witb 
the point which marks its vertex, will a complete plan of. 
that body ; no additional lines to represent ridges being necessary^ 

In the pyramid, on the contrary, the meeting of the various 
sloping sides forms ridges, which are represented, in the plan, by 
right lines drawn from the vertex to the angles of the base. 

The square pyramid thoefore is a body with four sloj^g 
or extremities, laid out in right lines, each of which sloping exite- 
mities, as you may observe, is represented in the plan 1^ a triangle, 
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that is to say, by a figure resembling a* section of the pyramid 
Itself, taken through the vertex. 

The section of a cone, taken under the same supposition, that 
is to say through the vertex, is also a ttiangle like that of the pyra* 
mid ; but wheu you examine the plan of the cone, no appearance 
ivhatever of a section of it can be traced. This is owing to the 
circular form of the base, from whence the slopes take their rise. 

As the pyramid resembles the cone in so many circumstances, 
and might in fact be converted into one hy merely rounding off its 
angles ; you may easily conceive, that the same difference, which 
is observable in the plan of these tw'o solids, would be produced 
in the sloping extremity of a military work, by rounding off one 
of its angles. 

In order to explain this more fully, draw' four lines parallel to 
ea^ odier, to represent the plan of the parapet of a battery. 

^raw a right line perpendicular to the above, to represent the 
left extremity of your battery. 

^ Xiet us suppose, that the right extremity of the battery is to be 
rounded off or curved at one angle ; and that the curve is to be an 
arc of a circle touching the exterior side of the work. 

Complete your figure accordingly, and mark the center of your 
arc by a point. 

The Learners are recommended to draw their' Jigures on a much 
larger scale ' than the following. 



O 


Lett us now suppose that each extremity of the work is to have 
i dope equal to its height 
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In that case, the plan of the left or right-lined extremity of the 
battery, will, of course, when finished, represent an exact s^tipn 
of the work. 

Draw the said section accordingly. 

This being done, mark a point upon the curved part at the 
right extremity of your figure, and from thence draw a line in- 
wards, perpendicular to the curve. 

. The curve, in our present figure, is supposed to be an arc of a 
circle ; but any line perpendicular to an arc, will, if produced far 
enough, pass through the center of it. 

You will fiierefore produce your perpendicular, until it meets the 
center frc^ ' whence the curve was described, when it will, of 
course, ^come a radius. 



Mark the point on the curve, from whence your produced per- 
pendicular or radius was drawn, by the figure 
Mark the center of your arc by the letter f. 

And mark the original lines of your parapet by the letters a b d e, 
according to a dotted line dra^vn perpendicularly across it, in any 
convenient place. 
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In order to explain the remaining operations more clearly , a 
part of the folhwitig figures are drawn on alarger scale. In theses 
the Irft extremity of the battery w omitted^ because the directions^ 
now about to be given, relate only to the right extremity of that 
work, the slope of which remains to be drawn. 



^T%e Learners will of course go on with their original figures, 
witiuout any alteration ; they being supposed to be drawn, from 
the first, on a scale sufficiently large. 


Near the plan of your battery, draw a section of it, on the same 
scale. 

Mark the various points of your section, so as to correspond with 
the letters a, b, d, and e, in the plan. 

Near your section, raise a dotted perpendicular froni the ground 
line of it, to represent a scale of heights : and draw dotted hori- 
zontal lines, from the interior and exterior crests of -the parapet, 
to meet the said scale of heights. 

From the interior and exterior crests of your parapet, as repre- 
sente4 in the section^ drop dotted perpendiculars to die ground 
line. 

Mark the bottom of the scale of heights by the figure 1. Mark 
the point, where it is intersected by the lower horizontal line, by 
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the figure 2 ; and mark that point, where it is intersected by the 
upper horizontal line, by the figure 4. 




It will be evident, that the distance, between the points 1 and 2 
on the scale, will be equal to the exterior height of the parapet; 
and that the distance, between the points 1 and 4 on the scale, 
will be equal to the interior height of the parapet. 


From the point 1 in your plan, set off, upon the line If, a 
distance equal to the exterior height of the parapet, and mark it 
by a point; opposite to which write the figure 2. 

From the same point, set off, in like manner,^ upon the same 
line, a distance equal to the interior height of your parapet; and 
mark this new point by the figure 4. 




The space 1 2, in the plan, n equal ta the space 12 in the 
section ; and the space 1 4, in the plan, is equal to the space 1 4, 
in the section. And, in like manlier, all other parts of the plan 
and section, which are marked alike, correspond with each other. 
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The next, tiling requited in to drew a line parallel to the curve, 
through the^ point marked 2 in the plan; and this parallel must be 
^produced, until it meets or cuts that line, which represents the 
exterior crest of the parapet. 

The curve in our present figure being a regular arc of a circle, 
die method of drawing another curved line, parallel to it, is of 
course to describe a second arc from the same center. k. 

From the center f, with the radius f 2^ you will therefore de- 
scribe an arc, and produce it until it meets or cuts the exterior 
crest of the parapet. Mark the point where they meet, by the 
letter m. 

The point, thus found, will be a true point, in a new curve, 
which must afterwards be drawn, in order to show tlie form of the 
top of the slope of the curved extremity of your work. 

Throng the point 4, in your plan, you will, in like manner, 
draw > curve psuallel to your original curve, and'^produce it, 
until it meets or cuts the interior crest of the parapet. Mark the 
by the. letter o. 

o will also be a true point in the above-mentioned 
which remains to be drawn; and the points m and o Will 


be the extremities of this proposed curve. 

f 
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Having thus fbund the extremities of 

your proposed curve, it 


remiuos to find some true intermediate points in it, which 

may ifb done as /follows. 
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Draw a dotted parallel linei in your plan, half way between the 
interior and exterior crests of your parapet; and mark the poin^ : 
through which it passes, by the letter c. 

Take a corresponding point, in your section, half way between 
the interior and exterior crests of your parapet, marking it, in like 
manner, by the letter c. 

From the point c, in your section* drop a dotted perpendicular 
to the ground line : draw also a dotted horizontal line, from the 
same point, meeting the scale of heights ; and mark the point 
where they meet by the figure 3. 

Tlien the distance 1 3, on your scale, will represent the exact 
height of the parapet, at any point half way between the ipteripr 
and exterior crests of it. 

a 

Take the above distance 1 3 in your compasses, and fro^ the 
point 1, in your plan, set off an equal distance upon the line 1 f ; ' 
and write the figure 3 at the extremity of it. 

Through the point 3, in your plan, in the manner before 
scribed, draw a dotted curved line parallel to your original 
and produce this new curve, until it cuts the dotted parallel line; 
which is drawn through the point c. Mark their common inter- 
section by the letter a. 
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The point n, thus founds will be a true intermediate point in the 
proposed curve. 

By the same method, you may easily find any greater number of 
true intermediate points for your curve. 

For instance, instead of dividing the superior slope of your 
parapet into two equal parts only, by the dotted parallel line c, in 
the plan, and by the con esponding point c, in the section; you 
might have divided it into four equal parts in both. * 

. Then instead of gaini^ only one point 3 in your scale of 
heights and plan, you would have gained three points ; by means of 
which, instead of finding only one true point n between the extre- 
mities of yoni* proposed curve, you would have found three true 
points. 

In like manner, any other greater number of true intermediate 
points might be found, if more than three were judged necessary. 

The points, which w^e have gained in our present figure, arc 
quite sufficient for explaining the principle of the operation which 
is to be performed. You will therefore rub out all the superfluous 
lines and aics in your plan, leaving only the tiue points m, n, 
and o. 



The former matter figure, given in the book, will now serve 
for the purpose of explaining the remaining operations. The 
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state of ity after the curved line m n o is supposed to be •drtuim, 
according to the process* above described^ will be as follows. 





Rub out the superfluous lines and letters in your figure. 



The curve which you drew last, through the points that Wfe^e 
marked m n o, represents the top of the slope of tlie ciiirved 
tremity of your parapet. 

This slope and the exterior slope of the parapet gradually meet 
each other, and blend into one continued curved superficies, so 
that no ridge is formed there ; and consequently no line must be 
drawn across the part where these two slopes unite. 

But the slope of the extremity of the parapet and the interior 
slope of it meet each other abruptly in an angle. They will 
therefore form a ridge. 

Draw a right line to represent the said ridge, and your figure 
Avill be complete. 



You have now drawn the plan of the parapet of a batteiy, with, 
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sloping extremitieSi the one laid out according to a right line, the 
other curved. 

At the right-lined extremity of the battery there appears a rcpre- 
aentation of a section of the work ; but at the other extremity, by 
reason of the curve, there is not the least resemblance of a 
section. 

You may now easily conceive,' that if the sloping extremity of a 
battery or other work, were partly right-lined, and partly curved ; 
die right-lined part of it, when laid down in a plan, would have 
some resemblance of a section of the work, whilst the rest of it 
would not. 

For instance, at the right-lined extremity of your present figure, 
from that point, as a. center, which represents the left extremity of 
the exterior crest of die parapet, describe an arc outwards, widi a 
radius equal to the exterior height, or in other words to the base of 
the exterior slope of the parapet. 

The arc, thus drawn, ivill touch die foot of the exterior slope 
of die parapet, and also the bottom of the slops of the extremity 
of the battery. Let it be produced uo further after it meets these 
lines. 



Rub out those parts of your figure, which pass without the 
arc : rub out also the original ridge near the arc. 


1 . 
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The figure^ in its present state^ represents the left extremity 
your battery, partly laid out in a right line, but with the remaining 
part of it, near die exterior angle, rounded off. And if you exa- 
mine it with attention, you will see that the plan of the said sloping 
extremity forms very nearly an exact section of the work, every 
part of it being complete, excepting the exterior slope of the para- 
pet only. There the section is imperfect, owing to the alteration 
in the form of the work, occasioned by the curve. 

Plans of buildings, or other civil works, in which few slopes 
occur, do not afford any scope for exemplifying the remarks con- 
tained in this chapter; therefore, although they are, properly 
speaking, an illustration of the principles of plan drawing, it was 
judged most suitable to introduce diem here, after treating of 
works of fortification, to which they more. particularly, or rather 
exclusively, apply. To officers or others employed either in 
constructing' or in taking plans of military works, these remarks 
will be useful ; for in works of this description, so great a multi- 
plicity of slopes are constantly used, that it must be of advantage 
to understand the properties of sloping bodies, and tlie various 
forms produced by the' meeting of them under given circum- 
stances. 

There is another peculiarity to be remarked in the plan of 
sloping works. When the face of a slope is cut by any object, 
strongly marked upon it, such as the entrance of a plain gateway,* 
or sallyport, the figure of the said object, as it ought to be repre- 
sented, in the plan of the sloping part of the work, will in all cases 
resemble a geometrical elevation of the object itself; in some 


* ^ plain gateway, 1 mean one of a simple form, not ornamented 

with columns, mouldings, or other architectural ornaments, projecting 
beyond the face of the work, in which it is supposed to be placed. It will 
easily be understood, on perusing the following observations, that they 
cannot apply to gateways of the last-mentioned description. 
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cases, it may even form an exact elevation of it. And it is further 
to be observed, that the same circum<$tances have an effect upon 
tfiese elevations, that were pointed out as affecting the former 
figures, before explained, resembling sections, which so often 
appear in the plan of works. 

For example, if the base of the slope of any side of a work is 
equal to its height, then in a plan of the work, the outline of any 
gateway, See. marked upon the slope, will be an exact elevation 
of the gateway itself: but if the slope is less or greater than the 
above proportion, or in other words, if the base and height of it 
are unequal ; then the form of the gateway, as marked upon the 
slope, will, in a plan of the work, still bear sotne resemblance to 
the elevation of the gateway, but it will be a disproportioned not a 
correct elevation of it. 

To explain this remark : take any convenient scale, such as 10 
feet to an inch, and draw the section of a simple work, sloping in 
front and rear, but horizontal at top. 

For instance, draw a right line for the ground line of your sec- 
fion, upon which mark a point (a) for the bottom of the interior 
slope of the work; and draw the said interior slope, making the 
base and height of it each £4 feet. 

Mark the top of the interior slope by the letter b ; from thence 
draw a horizontal line, be, 15 feet long, to represent the terre- 
plein or horizontal part of the work ; in front of which, draw the 
exterior slope c d, making the base of it 12 feet. 

This being done, your section abed will be complete. We 
shall next draw a figure to represent the plan of the same work. 

Draw a right line of any convenient length, for the bottom of 
the exterior slope of the work, in rear of which, set oflF suc- 
cessively and perpendicularly ; 
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First, 12 feet for the exterior slope of the work, the base of 
which is equal to half the height ; 

Secondly, 15 feet for the terreplein or thickness at top; 

Thirdly, 24 feet for the interior slope of the work, the base of 
which is equal to the height: And through the points, thus 
marked, draw lines, parallel to the former, in order to complete 
your plan ; which being done, you will mark the various lines in your 
plan by the letters a a, b b, c c, and d d, in order to show that 
they agree with the corresponding points, marked by the same let- 
ters in your section. 

We shall next suppose, that a gateway 6 feet wide and 12 feet 
high is cut through the work, which we have just drawn and in 
order to render our succeeding operations more clear, we shall fur- 
ther suppose, that the ssud gateway is of the simplest possible form 
that could be adopted, being constructed with a flat arch like the 
door of a common dwelling house ; in which case its geometrical 
elevation will of course be a rectangle whose sides are of the above 
stated dimensions, namely 6 feet by 12. 

This being premised, we shall proceed to represent our supposed 
gateway in both of our figures, and first in the* section. 

At the distance of 12 feet, above the ground line ad of your 
section, draw a line parallel to it, to represent the top of the arch 
of the gateway, which will of course, from this construction, be 
exactly one half of the total height of the work ; and mark the line, 
thus drawn, by the numeral figures 2 and 3. 

a : d 

b 


a 



a 
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Upon the line a a, in your plan, which represents the bottom of 
the interior slope of the work, mark points 1 1, at the distance of 6 
feet apart, to represent the width of the gateway and the pbsitiori 
of the bottom of it ; opposite to which, on the line d d, which 
represents the bottom of the exterior slope of the woik, mark two 
corresponding points 1 1, at the same distance apart, and for the 
same purpose. 

It was before explained, that the height of the gateway is equal to 
one half of the total height of the work, through which it is sup- 
posed to be cut ; and for this reason, it must be evident, that the 
points 2 and 3, in your section, where the top of the gateway 
meets the interior and eitterior slopes, must be exactly half way 
up these slopes. ^ 

In order to find the position of the corresponding points in the 
plan, you will, therefore, from the points 1 1, on the line a a, 
draw perpendiculars 1 2, I 2, half way across that space which 
represents the interior slope ; and from the points 1 1, on the line 
d d, draw perpendiculars I 3, 1 3, half way across the spkee which 
represents theeifterior slope; which being done, draw right lines, 
connecting the points 2 2 and 3 3, in your plan. 



The interior slope is 24 feet broad; consequently, the lines 1 2, 
1 2, w^h extend half way across it, are 12 feet long ; and there- 
fore, the rectangular figure 12 2 1, which represents the manner, 
iu which the entrance of the gateway ought to be laid down, in a 
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plan of the work, is exifictly 12 feet by 6 : that is to say^ it forme 
a correct geometrical elevation of the gateway, the above being the 
exact height and width of it, as before stated. This coincidence 
arises from the nature of the interior slope, on account of the base 
of it being equal to its height. 

In the exterior slope, on the contrary, the base and height are 
unequal, and the breadth of the slope, as represented in die plan, is 
only 12 feet ; and therefore the lines 1 3;^ 13, which extend half 
way across the said slope, are 6 feet long. Consequently, the 
figure 1 3 3 1, which represents the form of the gateway, as 
appearing in the plan of the exterior slope, being reduced to one 
half of its proper height, although it still retains some resemblance 
of an elevation of the gateway, is no longer a correct but a dis- 
proportioned one. 

The same effect will be produced, in all cases, whenever the base 
and height of the slope are unequal, that is to say, disproportioned 
not correct elevations of the gateway will be obtained, in a plan of 
the work ; in which however, it is to be observed, that the width of 
the gateway will always remain correct, the height only varying 
from die read dimensions ; and in proportion as the difference 
between the ratio of the base and height of the supposed slope 
increases, so much the more irregular will the disproportioned 
elevations, appearing in the plan, become. 

For example, in our present figure, in which the base of the exte- 
rior slope is in the proportion of one half of its height, the height 
of the disproportioned elevation 1 3 is also reduced to one half 
of the actual height of the gateway. 

silt if the base of the above slope bad been in the proportion of 
one third or one fourth of its height; then the height of the dispro- 
portioned elevation 1 3, would have been reduced, in the like 
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proportion, that is, to one third or one fourth of the actual height 
of the gateway* 

Tor the same reason, if the base of the exterior slope had been, 
not less, but greater than the height, as for instance two or three 
times as great, then the height of the disproportioned elevation 1 3, 
would also have been increased, in the same proportion, that is to 
say, to two, or three times, the actual height of the gateway. 

The above statementSj in respect to the changes^ which would be 
produced in these disproportioned elevations by any alteration in the 
slope^ appear sufficiently clear ^ so that it has not been judged neces-* 
sary to exemplify them by figures. The Learner may however easily 
convince himself of the accuracy of what has been asserted, if he 
will take the trouble to draw new sections and plans of the same 
simple kind of work, changing successively the base of the exterior 
slope, from one half to one third, or one fourth of the height, and 
afterwards to two or three times the height ; but leaving all the 
other dimensions, both of the work and gateway, unaltered. 

Gateways or sallyports with flat arches are not used in fortresses, 
that simple form having merely been above assumed for the sake 
of clearness. It will therefore be proper, before we proceed to a 
new part of our subject, to exemplify the manner, in which gate- 
ways of the common construction, that is to say, formed with 
arches curved at top, ought to be represented in plans of forti- 
fication. 

For this purpose draw the plan of a work, resembling a ravelin 
in its outline, but of a more simple nature, in other respects;: 
being supposed to be constructed with an interior slope, a terre- 
plein, and an exterior slope only, so that the section of it shall 
exactly resemble that of our last figure. 

Let the gorge and extremities be supposed to be reveted with a 
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.slope ; and represent them in the manner directed in a former part 
of this chapter, namely,, the slope of the gorge revetment by 
parallel lines, and the extremities of the work by distorted sections. 

Our work is now complete, with the exception of the proposed 
gateways, which we shall suppose to be foimed with semicircular 
arches ; but before we proceed to represent them in our plan, it 
is to be remarked, that the same rules, which w^e before applied to 
a gateway of the above more simple form, will also hold equally 
good in respect to a semicircular gateway, or to any other figure, 
even of the most complicated and iiitiicate nature, which can be 
supposed to appear on the sloping side of any woik. 

Tlie base of the interior slope of your work being equal to its 
height, }ou will theiefore, in conformity with the rule just alluded 
to, diaw an exact elevation of your semicircular gateway, on the 
left face of your work, upon that space which represents the interior 
slope of it. 

The base of the exterior slope of your work being supposed to be 
only one half of the height, you will, in conformity with the same 
rule, diuw a dispioportioued elevation of your new gateway, also 
on the left face of your work, and exactly opposite to the former, 
upon that space, which represents the extenor slope ; and in 
(hawking this new elevation, let the breadth of it be every where 
precisely the same as before, but diminish the height of every part 
of it, to only one half of the height of the corresponding parts, 
as lepresented in your last drawn elevation. 

In the left face of your work, the foi m of a semicircular gate- 
w^ay is now correctly represented, as it ought to appear in a plan 
of foitification, if the crown of the arch were continued as far as 
the slope on both sides. But it is proper to observe, that we have 
imagined this to be done, merely for the sake of more clearly illus- 
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trating the pHuciple laid down. In real practice^ arches are never 
continued} in th^'above manner^ entirely across any slope, whose 
base is equal to its height or nearly so. Some part of an arch so 
constructed would necessarily be of a very weak inconvenient 
form, as may easily be conceived. It is therefore only in mode- 
rate slopes, such as those of revetments, that the arctfis so con- 
tinued. In earthen works, which must necessarily have a con- 
siderable slope, the arch, instead of being carried on through the 
whole of the profile as far as the slope, always terminates at the 
distance of some feet from it : and the remaining part of the earth, 
between the extremity of the arch and the surface of the slope, is 
cut awlay in such a manner as to form an open entrance to the 
gateway. 

In order, to explain these particulars, we shall next, on the right 
face of our work, draw another gateway, which we shall suppose 
to be also semicircular, and of the same dimensions as the former. 

Let us likewise suppose, that the exterior slope of our w^ork 
represents the slope of a scarp revetment ; and therefore that the 
front of the new gateway may be continued as far as that slope, 
without inconvenience. 

JUpon that space, which represents the exterior slope of the right 
face of your work, you will draw a disproportioned elevation of your 
gateway accordingly ; making this'small figure equal and similar to 
that which you before drew, for the same purpose, on the exterior 
slope of the left face of your work. This being done, you will pro- 
duce the parallel sides of the above small figure backwards, as far as 
the back of the terreplein. 

The two lines, thus produced, will show the position of the 
covered part or. arch of the gateway ; for which reason they must be 
dotted, accordmgto a rule before mentioned (See page 117)} this 
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being die usual meArod of representing arthes or other covered cotti- 
munications in a plan of fortification. 

We shall further suppose, that the arch of our new gateway ter* 
minates perpendfcukrly, immediately under the back of the terre- 
plein, without being continued under any part of the interior slope 
whatever. 

From the extremities of the rear of your arch, that is to say 
from those two points on the back of the terieplein, where it is 
intersected by the last drawn lines, you wall therefore draw right 
lines backwards, across the interior slope of the work, to 
repiesent the sides of the open entrance of the gateway; and in 
drawing these lines, you may give them a moderate splay out- 
wards, so that the entrance shall be widbr towards the rear than in 
front, this being the usual mode of construction followed. 

Rub out that part 
of the bottom of the 
interior slope of your 
work, which inter- 
feres with the en- 
trance of the gateway, 
that is to say, which 
lies between the ex- 
tremities of your last 
drawn lines : and rub 
out also that part of the bottom of die exterior slope of the right 
face of your work, which forms the base of the distorted elevatiod 
of your gateway. 

In the right face of your figure, you now have a correct repre- 
sentation of a gateway of the form, in which they are usually con- 
structed in fortresses. Towards the rear, there is an open entrance cut 
through the interior slope of the rampart ; the sides of which, being 
supposed to be reveted perpendicularly, are represented by right' 
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lines. ' Then the nrch of the gateway commetices, and the back of 
it, being built not with a slope but perpendicularly, in the position 
before mentioned, is represented by a right line, which agrees with 
a part of the back of the terreplein. From thence it is continued 
in the direction, shown by the two dotted lines, until it ^nninates 
upon the scarp revetment, in the form of a disproportioned ele- 
vation, which is there produced by reason of the slope. 

It is further to be remarked, that if a gateway has a descent, as 
- is often the case, from the interior of a work, downwards, to the 
level of the ditch in front, according to a regular slope like that of 
a ramp, then the top and bottom of the descent should be marked 
by right lines, as is represented in the gateway of the left face of 
our present figure.* But if tliere is either no slope, of the nature 
above supposed ; or if the said slope is concealed under the covered 
part'^of the gateway, which sometimes happens ; then in penning 
the plan, no lines should be drawn across the entrances of the 
gateway, which should be left open both in front and rear, as is 
i^g^^ented in that which appears on the right face of your present 
figure. 

I shall conclude by remarking, that the figures resembling sec- 
ctions, before explained, are constantly introduced in finished plans 
ofibrtification, even when drawn upon a small scale. Those 
figure's,' on the contrary, which resemble disproportioned elevations 
of gateways or saJji^orts, as appearing on the slopes of revetments, 
are by no means common, but yet they are sometimes to be met 
with ; and it has therefore been judged necessary to explain them : 


* It will be understood, that if the descent were formed by steps, not by a 
slope, , it might, for the same reason, be proper to mark a part of the said 
steps, unless they were all concealed under the covered part of the 
gateway. 
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particularly as the stmt rules of the art require^ that they should 
always be represented^ whenever the scale of the plan is laigtf 
enough to admit of its being done without creating confusion. 
Besides which, an explanation of these last-mentioned details, 
althougl^ trifling in themselves, appeared essential to the complete 
illustration of that part of my subject, which treats of the princi- 
ples of plan drawing. 


CHAP. XII. 

OF BARBETS. 

It was before explained, that the guns of a fortress are placed 
upon the terreplein ; and that they fire through openings, cut 
across the parapet, foi that purpose, called embrasures. 

Sometimes guns aie placed in such a manner that they fire over 
the paiapet, without the necesbity of making any embiasures. 

For this purpose a pait of the tcireplein is raised much higher 
than the rest of it, and forms a mound for the guns to stand upon. 

These mounds are called barbets, and are usually formed at 
the salient angles of the btistions, or other woiks, in which they arc 
used. 

The general level of the terreplein is usually seven feet and a 
half lower than the crest of the parapet, whereas the barbet is only 
about three feet low^er than the parapet ; consequently the barbet 
may be consideied as a kind of smaller terreplein, elevated above the 
great terieplein of the woik, in which it is placed, to the height of 
about four feet and a half. 

The advantage of barbet batteries is, that the guns can fire more 
iteely in various directions, than is practicable through the common 
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embrasures. Theirpsil^|iS^^bedvaDta^ is, <luit neither the guns 
Qor die gunners are sufficiently jprotectedi on account of the lowness 
of the parapet of a barbet. 

Consequently barbets are seldom used in a fortress^ except at 
the commencenient of a siegei before the enemy has established 
his first batteries against the place. After he has effected that 
object, the besiegers withdraw their guns from the barbet batteries, 
and place them behind embrasures. 

The manner of drawing a barbet shall now be explained. 

Draw two lines forming a salient angle, in order to represent the 
two faces of the bastion, or other work, where a barbet is proposed 
to be erected. 

In rear of and paral* 
ldl4o them, draw two 
odier lines, to repre* 
sent the foot of the 
interior slope of the 
parapet. 

The space between these two sets of paraQel lines will therefore, 
of course, represent the interior slope of the parapet. 

About half way between these parallels, draw tw'o new lines, 
also parallel to them, to represent the front of your proposed barbet. 

At «ay convenient distance, draw lines parallel to the front of 
ytor barbet, in order to represent the reverse of it. 

Draw the extremi- 
ties of your barbet, 
making them perpen- 
dicular or nearly so, to 
the faces of your origi* 
nal work. 
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The four new lines, V^ich you have now added to your ii^e, 
represent the form of the terreplein of the barbet. 

The interior slope of the parapet of yoiir original work, rises of 
course in a regular mantier from the bottom towards the crest of it : 
and consequently, the barbet, as was before explained, being raised 
considerably higher than the bottom, but not quite so high as the 
crest of the parapet, will necessarily come part of the way up the 
slope. 

For this reason the front of the barbet is represented about half way 
up the interior slope : and those parts of the original bottom of 
the parapet, which intersect the barbet, will become imaginary 
lines. 

But if the barbet had been raised as high as the parapet itsel^^ 
instead of being only about half that height, then it would have 
been on tlie same level with the crest of the parapet ; and there- 
fore, those lines which represent the crest of the parapet, would 
also have agreed with and served to represent the front of the barbeti; 

Tlie barbet being raised some feet higher than the general level 
of the terreplein of the original work, must have a slope in rear, 
and at each extremity of it, at least equal to its height* 

Draw parallels all round the barbet, except in front, in order to 
represent the above slope ; and produce those at the extremities, 
until they meet the bottom of the interior slope of the parapet, but 
no further. 

Then draw lines be- 
tween the opposite 
angles, to represent 
ridges and furrows. 
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CHAP, XII. 


Rub out superfluous 
lines, and the plan of 
yOur barbet will be com- 
plete, excepting only 

the small ramps, which are necessary for ascending it. 

These shall next be drawn. 

From the inward ex- 
tremities of those two 
lines, which represent 
the front of your bar- 
bet, draw oblique lines 
backw'ards, to any convenient points at the bottom of the interior 
slope of the parapets of your original work. 

^ "These oblique lines will represent the exterior sides of each 
ramp. 

Draw perpendicu- 
lars for the foot of each 
ramp; then draw the 
interior parallel to the 
exterior sides, pro- 
ducing them as far as the terreplein. Make the slope of each 
interior side of your ramps equal, at top, to that of the barbet : at 
bottom, let it fall away to nothing ; and draw the w'hole of the lines 
necessary, in the manner before directefl, in treating of ramps. 

Rub out superfluous 
lines; draw the neces- 
sary diagonals across 
the new slopes, 4o re- 
present furrows ; and 
your figure will be 
complete. 
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Your figure, in its present state, represents a barbet constructed 
near the salient angle of a work, which is supposed to have no 
banquette. 

If there had been a banquette, the ramps of your barbet should 
not have been placed close to the interior slope of the parapet, but 
at some distance from it, in order that they might not interfere 
with the banquette. 

The method of drawing the ramps of a barbet battery, when 
there are banquettes on each side, shall now be explained. 

Draw two lines forming a salient angle as before, to represent 
the crest of the parapet of the work, in which tlie barbet is pro- 
posed to be constructed. , 

In rear of these and parallel to them, draw two other lines, to 
represent the bottom of the interior slope of the parapet, which 
agrees with the front of the banquette. 

Draw a third set of parallels, also to the rear, to represent the 
back of the banquette. 

Draw a fourth set of parallels, also to the rear, to represent die 
foot of the slope of the banquette* 

Draw lines connecting the proper angular points, to represent 
the furrows formed in the interior slope of die parapet, and on the 
slope of the banquette. 



This being done, the space, contained between the two outer- 
most lines of your figure, will represent the interior slope of the 
parapet. 
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The center space will lepresent the banquette. 

And the remaining space will represent the slope of the 
banquette. 

Draw two lines on the interior slope of the parapet^ parallel to 
the faces of die work, in order to represent the front of the barbet : 
and let these lines be nearer to the foot than to the crest of the 
interior slope ; because a barbet is usually very little higher than 
the banquette. 

Draw the reverse of your barbet, parallel to the front of it, as 
before. 

Draw also the extremities of your barbet, perpendicularly or 
nearly so, to the faces of your original work. 



The four last drawn lines will represent the form of the terre- 
plein of your barbet. 

'Rub out those parts of die interior slope of your parapet, and of 
your banquette, which now become superfluous. 



Mark a point at any convenient distance upon the bottom of the 
slope of the bwquette# in order to represent the foot of the exterior 
side of each ramp. ' 
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B4RBETS. 

Mark also a point nppn each extremity of your barbet^ a litde 
in rear of where it is intersected by the back of the banquette. 
These new points are to represent the top of the exterior side of 
each ramp. 

Join these points by oblique lines^ in order to represent ike said 
exterior sides. 



Rub out that part of the foot of the banquette on each side^ 
which becomes superfluous^ after the exterior sides of your ramps 
are drawn : 

Then draw the bottom and the interior side of each ramp in the 
usual manner. 



Draw the slope of the reverse of your barbet : draw also the 
slope of tlie interior side of each ramp in the usual manner ; and 
complete the ridges and furrows formed by the meeting of these 
slopes. 
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In the ramps which you before drew, the eAteripr side of each 
ramp rested upon the parapet, and the .parapet being higher than 
the barbel^ there could not of course be any slope downwards 
from the exterior side of your ramp towards the parapet. Conse- 
quently it was not necessary to draw any slope, on that side of the 
ramp. 

But in your present figure, the exterior side of each of your 
ramps is placed near the banquette ; and a barbet is always higher 
than a banquette ; therefore both the exterior side of the ramp and 
that extremity of the ramp itself, which is near the banquette, 
must have a slope downwards, until tliey meet the level of the 
banquette. 

The difference of level between the burl)el, and the terreplein of 
any work in which it is constructed, is usually not less than four 
feet six inches, sometimes more: but the difference of level 
between the barbet and the banquette is seldom more than one foot 
six inches. 

Consequently as all slopes are in proportion to their heights, the 
base of the slope of the reverse of the barbet, must be about 
three times as great as tlie base of the slope of that extremity of the 
barbet, which is near the banquette. 

You will therefore draw lines across the tread of the banquette, 
parallel to the extremities of your barbet, at a distance equal to 
about one diird of the breadth of the reverse slope of the barbet. 
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These lines will represent the foot of the slope of that part of 
the extremity of each barbet, which terminates upon the banquette* 
The slope of the exterior side of each ramp now remains to be 
drawn. 

From the point, where the last drawn lines meet the back of 
the banquette, draw oblique lines to the bottom of each exterior 
side. 



The whole of the slopes of your ramp are now complete, but a 
part of tlie furrows, which would be formed at the angles, remain 
to be drawn. 

Rub out those parts of your banquette, which interfere with 
these slopes, and draw lines to represent the said furrows. 



You have now finished the plan of a barbet, according to the 
mode, in which works of this description are usually constructed. 


The guns, in a barbet battery, must be mounted upon platforms 
of the same strength and materials, as those before de^ribed. 


It is to be observed, however, that instead of making a separate 
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platform for ever jF Mtvidiud gun, which in always done ki batteries 
trith embrasures; k is often usual, in barbet batteries, to construct 
lai^ge platforms, upon which two or more guiis may be placed 
abreast of each other. 

Ibese lauge barbet platforms have the same depth from 
front to rear, and the same slope in that direction as a common 
platform. Their width, which is greater, will of course depend 
upon the number of guns proposed to be mounted upon them. If 
* you allow a space of from twelve to fifteen feet per gun, in a barbet 
battery, it will be quite sufficient. A greater interval between the 
guns was allowed in our former battery, for a reason which has 
already been stated. 

There is another method for enablitig guns to fire over a parapet, 
without raising any interior mound or barbet for that purpose. 

This is done by means of, what is called, A traversing 

PLATFORM. 

The platform so called is a strong frame of timber, raised some 
feet higher than the ground ; and capable of being traversed, that 
is to say, turned to the right or left, upon a fixed pivo^ by means of 
trucks or small wheels which support it. 

The gun, mounted on a common carriage, stands upon this frame, 
by which it is raised higher than the parapet ; and by moving which, 
it is pointed to the right or left, as may be required. The breadth of 
the frame is just sufficient for receiving the gun carriage ; but the 
length of it is greater, so as to allow for a recoil of several feet 
after firing. 

In a book of elementaiy fortification, to give any further descrip- 
tion of the construction of a traversing platform, would be foreign 
to the subject. 
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I shall only observe, that traversing pfantforjBis, from the facil% 
^which they afford of quickly changing the direction of a gun to die 
right or left, are peculiarly useful against shipping ; and are there- 
fore generally used in towers or batteries erected fpr the defence of 
a coast ; and on the sea line of maritime fortresses. The gunners 
are also less exposed in working guns, mounted in this manner, 
than in any other kind of battery. In works, not directed against 
the sea, traversing platforms are less common. When few only are 
used, in a fortress, they are generally placed at the principal salient 
angles. 


CHAP. XIII. 

CONSTRUCTION OF THE FINISHED PLAN OF A REGULAR 
OCTAGON, FORTIFIED ACCORDING TO VAUBAN^S FIRST 
SYSTEM,— WITH EXPLANATORY REMARKS ON PLAN 
DRAWING. 

’ The details, which have now been explained, will be sufficient 
to enable you to understand clearly the finished plan of a regular 
fortress, many parts of which would otherwise, althougli in reality , 
simple, have appeared of a very complicated and intricate nature, 
as was observed in a former chapter. 

We shall therefore next proceed to finish the plan of our regular 
half octagon, of which you have already drawn the outline : but as 
our former scale, although sufficiently clear for the purpose to which 
it was then applied, is ratlier too small to represent properly the 
detailed parts of a finished plan, we shall commence the whole of 
our construction anew, on a larger scale. 

The platif for drawing which, rules are now about to be given, 
will, when finished, correspond with Plate V ; to which it will be 
similar in every respect, excepting that there will, as usual, be some 
difference between the scale, laijd down in the construction, and that 
of the plate. 
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1. Draw a margin for your proposed plsui, which may be sixteen 
inches by twenty-six. 

Make a scale of 50 yards to an inch. It is constructed as 

Draw a right line eight regular inches long^ and divide it into 
|piiHr equal parts. 

\y ^Subdivide your left division into twenty equal parts, and make 
every second subdivision moie conspicuous than the others. 

Under the left extremity of your scale, place the number 100; 
under the middle subdivision place the number 50 ; at the cud of 
the first division write the figure O, and fiom thence under each of 
the remaining divisions write successively the numbcis 100, 200, 
and 300. 

Each of the small subdivisions at the left of your scale rejiresents 
a space of 5 yaids. They might have been made somewhat smaller, 
but file present inode of subdivision will be found acciiiate 
'^enough, if caiefully used. 

For the paragraphs, which ought here to follow, commencing 
rs^h ifos. 3, 4, 6, S^c. and toniinning ab Jar as No. 50, inclusive, 

the same numbers, in Chap. F, 

As a very great mulhplieity of lines will he added, in tom- 
pleting the finished plan, the Learner may now, if he thinks 
proper, pen the scarp lines (f his figure, before he proceeds fur- 
ther, which will prevent confusion. 

51. In the middle of each of the faces of the reentering places 
• of anus, mark a space of 5 yards for the v\ idth of the ramps of 

<1N5 covered way. 

52. Fr^^m the points, thus marked, draw lines about 6 yards 
long, to represent the sides of the said ramps, in a direction neatly 
parallel to the adjoining long branches of the covered way. Draw 
also the top of each ramp. 

By this construction,, your ramps will be rather oblique to-the 
crest of the glacis, which isrinteuded for the purpose of screening 
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them^ as much as possible, from the observation of an eil|||^ 
besieging the* fortress. Sometimes their parallel sides are 
so as to gain an oblique iiirectioii by degiees. 

We shall next proceed to draw the communications across th^'^ 
ditches of our fortress ; which we shall suppose, in the center 
front, to be formed by bridges ; but in the lemaining fronts, by 
caponiers. 

5S. .On each sidi of the oiiginal perpendicular of your center 
fiont, maik points at the distance of 2^ yards, and through these 
points draw lines across the main ditch, paiallel to the said pjSrpei^ 
diculai ; extending, fiist, from the curtain to the reverse qf the 
tenail , and secondly, fi om the front of the tenail to the gorge of 
the ravelin. 

54. At the distance of 40 yards from the salient angle, set off 
a space of 5 yards, upon the light face of the ravelin of the same 
front; and from the points, thus maiked, draw lines, parallel to 
each other, peipendicularly across the ditch of the ravelin. 

The parallel lines, thus drawn, across the ditches of your center 
front, aie to represent the sides of the bridges, which are supposed 
to be consti acted there. 

55. Before tlie curtain, the tenail, and the right face of ifae 
ravelin, of your centei fioiit, at the distance of 5 yards from the 
scarp line of each of these works, and parallel to it, draw Maes 
act OSS your budges to mark the extent of the drawbiidges: and 
complete your drawbiidges in the usual manner, connecting the 
opposite angles by diagonal lines. 

56. Draw lines outwards parallel to the sides of the stantl^jif 
part of each bridge, at as short a distance as is possible, con'^soilMBm 
with clearness, in order to denote railing. 

(This will, at the same time, make the standing part> eif' 
bridge appear wider than the drawbridge, which is generally (be 
case, as was before mentioned. (See Chapter VII, page 113^ 

VOL. Q 
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Mark a couple of poiuts, upon tHe crest of the glacis of the 
liglft'Ace of the ravelin of your center front, in the direction of the 
of the bridge produced ; and upon the foot of the same por- 
ing of the glacis, at the distance of about 5 yards from the adjoin- 
reentering angle, set off also a space of 5 yards. 

58. Join each corresponding pair of points, thus marked, 
nearly opposite to each other, upon "the crest and foot of the 
glacis of your ravelin, by parallel lines, to represent a road of 
communication leading from the bridges across the glacis ; and let 
the sides of your road be gently curved so as to incline first a little 
to the left, and afterwardls a little to the right ; but without any 
very considerable deviation from a right line. « 

The outline of the principal communications of your center 
front is now complete. We shall next draw our proposed capo* 
iiiers. 


59- In all your remaining fronts, on eacji side of the original per- 
pendiculars of your fortress, mark points at the distance of 5} yards ; 
and through these points, draw lines parallel to the said perpendi- 
culars, extending across the main ditch, between the tenails and 
die gorges of your ravelins. 

Let these lines represent the crests of die parapets of your 
caponiers. 

60. Parallel to your last drawn lines, draw new lines, out- 
wards, to the right and left, in the same fronts, at the distance of 15j| 
yards, to show the extent of the glacis of your caponiers. 

61. Draw lines across the glacis of each of your caponiers, 
at the distance of about 5 yards in rear of the gorge of the adjoin- 
ing ravelin, and parallel to it, in orde^ to show the breadth of the 
passages, or communications from the advanced extremities of your 
caponiers, into the main ditch. 

Here there is a difference between our construction, and that of 
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the caponier represented in Chap* whkktieo 

communications or passages are shown, one at each extremi^ ^ 
the work* In our present figure, no communications are euppoeed 
to be formed, at the inward extremities of our caponiers, near lAe 
tenail. 

The outline of our plan, being now finished^ we shall next pro* 
ceed to insert the principal lines of the parapets, ramparts, &c» 
These rhiist be diawn, all round, parallel to the scarp line of the 
body of the place, as also to the scarp lines of the tenails and 
lavelins, in the same manner that you before completed the plan 
of the simple tenail, which was given in Chap. XI, as an illustra- 
tion of the Principles of Plan Drawing. In your present draw- 
ing, you will make one small difference only ; that is, by leaving 
out the berm of your various works, which is too small to be 
worthy of notice on a scale of 50 yards to an inch. 

In consequence of this omission, the number of lines, which 
must be drawn parallel to the scarp lines of your present plan, will 
be one less tlian the number of parallel lines, that you before drew, 
in finishing the plan of your simple tenail. 

For the respective distances, at which the various parallels 
requii'ed should be drawn, you must refer to the sections of a regulaiC 
fortress, which you before drew. fSee Chapter VI, and Plate ^*) 

Commencing with the body of the place, as there represented, 
you will find, by examining figure 2, that the base of the exterior 
slope of the parapet of the curtain, including the beim, is 13 feet 
6 inches, which is equal to 4i yards ; that of the bastion, shown 
in figuie }, is 6 inches more; but considering the scale of our 
present drawing, it is not worth while to notice so small a 
difference.'^ 


* For the same reason, the projection of the cofdoii b^ond the scaip 

Q 2 
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You will also find, fjhat the thickness at top of the parapet of the 
body of the place is 1 8 feet, or 6 yards, in both figures. 

62. In rear of the scarp lines of the body of the place, in your 
plan, you will therefore set off, successively and in a perpendicular 
direction, the following distances : 

First, yards for the exterior slope of the parapet ; 

Secondly, 6 yards for the thickness of the parapet at top ; 

And through the points, thus marked, draw lines, all round, 
parallel to the scarp lines of the body of the place. 

By referring to your sections a second time, you will find, 
that the base of the slope of the scarp revetment varies from 5 feet 
to 5 feet 2 inches, both of which dimensions are rather less than 
3 yards ; but on our present scale it is scarcely worth while to 
notice the difference. 

63. In front of, and parallel to, the scarp lines of the body of the 
place, you will therefore draw lines, all round, at the distance of 
about 3 yards, to show tlie slope of the scarp revetment. 

64. In the extreme bastions, that is to say, in the right and left 
bastions of your half octagon, draw lines connecting the opposite 
angles of the flank of each ; observinjg that, in so doing, you will 
join the corresponding angular points of the interior crest of the 
parapet, not of the scarp line. 

The lines, thus drawn, will represent the gorges of the above 
bastions. 

By referring again to your sections, you will find that the 
breadth of the terreplein of the body of the place is 39 feet, or 13 
yards, in both figures. 


lines, and that of the coping in rear o£ the various counterscarp lines, &c. 
being only 6 inches each, are a great deal too minute'to be noticed in our 
present plan* 
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65. In rear of the parapets of all the curtains, and also in rear 
of the parapets of the two center bastions, of your half octajgon^. 
you will therefore draw parallel lines, at the distance of 13 y^da, 
to show the extent of the terreplein; and let such of the said, 
lines, as are drawn parallel to the adjoining curtains, be produced, 
until they cut the gorges of the two extreme bastions of your 
figure. 

This being done, rub out those parts near the extremities of each 
gorge, which fall without the points of intersection, thus found. 

Referring again to your sections, you will find that the base 
of the interior slope of the rampait of your curtain, as represented 
in figure 2, is %6 feet 6 inches, which is equal to 5i yards : that of 
the bastion, shown in figure Ij is 1 foot more ; but it is not worth 
while to notice so small a difference in our present plan. 

66. In rear of the terreplein of all the curtains, and also of the two 
center bastions of your half octagon, you will therefore draw parat* 
lei lines, all round, at the distance of 5i yards, in order to show the 
extent of the interior slope of the rampart of these works. 

The nature of the ridges and furrows, which are always formed 
by tlie meeting of slopes, and of which there will be a very great 
number in your present plan, has been already so fully explained in 
our former constructions, that you can be at no loss as to the 
proper places for inserting them. You will therefore, when any 
part of your plan is completely finished, recollect to draw lines, to 
represent the said ridges and furrows, without waiting for any , 
further directions to that effect. 

REMARK. 

« 

If you DOW examine your two center bastions, you will .6ad, 
that a considerable space u left, in the interior of eadi, whjc^ is ' 
supposed to remain on the natural level of the original grouiid{ 
whilst the ramparts, which inclose the above space on every sidii! 
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excepting towards the rear, are raised considerably above that 
level. * - 

Consequently, a bastion, thus constructed, either .when viewed 
from the ramparts, or as it appears in a model, resembles a Iliind of 
basoq, presenting a great hollow or empty space in the interior 
of it. . 

Such bastions are therefore called empty basti-ons. 

Sometimes, instead of being left hollow, in the above-described 
manner, the whole of the interior of a bastion is hiled up with 
earth and rubbish, to the same height nearly, that is usually giveu 
to the terreplein of an empty bastion. 

A bastion thus constructed, so that the whole of tlie interior of it 
forms one continued terreplein, is called a full bastion. 

Having made these remarks, we shall proceed with our con- 
struction, drawing next the ramps of the body of the place, and 
first those of the extreme bastions of our half octagon, which we 
shall suppose to be full bastions. 

It may perhaps be almost superfluous to recommend the Learner y 
if he finds any difficulty in the construction of his ramps, as laid 
down in the following paragraphs, to go back to Chapter Fill, 
and study the first part of it with greater attention. 

We shall suppose that two ramps, each 38i yards long, aVe to be 
formed in our proposed full bastions ; and that the tops of the 
exterior sides of these ramps are to agree the extremities of 
the gorges of the said bastbns. 

67* From , the 4strimnties of the gorges of your extreme bas- 
tions, as centers, wiidi a radius of 38i yards, you will therefore 
make upon the bottom of the interior slope of the 

It^part Of %e'adjoining curtains. 
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Each of the new points thus found will show the foot of an.exte«i 
^ior side of one of your xamps. 

68. Draw the exterior sicks of your ramps> accordingly, by 
connecting the proper points. 

69- Make your ramps 5 yards wide ; and draw the top, and 
bottom, and interior side of each, accordingly. 

70. Let the interior slope of each ramp have a base or breadth 
of 5i yards at top, which is equal to that of the interior slope of the 
rampart ; from thence let it fall away to nothing at bottom ; and 
draw the interior slopes of your ramps accordingly, representing 
each of them by a triangle, in the usual manner. 

71. Connect each pair of ramps by a right line drawn between 
the tops of the interior sides. 

The last drawn lines are to represent the back of the terreplein 
of your full bastions, and, if correctly drawn, will be parallel to 
the former gorges, which may now be rubbed out, being of no 
further use in the construction. 

72. Represent the interior slope of the rampart of each of your 
full bastions, by drawing lines at the distance of 5i yards, in rear 
of the last drawn lines, and parallel to them. 

The general form of your two full bastions and of their ramps 
being now' complete; we shall ne%t proceed to draw the ramps in 
the empty bastions, commencing with those of the flanks. 

Let the foot of the exterior side of each of these ramps agree 
with the inward extremity of the bottom of the interior slope of the 
rampart of the flank, in which it is to be constructed. 

73. From the above points, therefore, in your two empty bas- 
tions, as centers, with a radius of 38i yards, make intersections 
upon the back of the terreplein of your flanks, in order to find the 
top of the exterior sides of your proposed ramps ; and draw the 
said exterior sides accordingly. 
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< 74. Complete the fortn of your ramps^ making them 5 yards 
wide. Draw also the interior slope of each ramp, in the usual 
manner, making it yards wide at top, and from iheuce falling 
away to nothing at bottom. 

75* Connect, by a right line, the top of the interior side of the 
ramp of every flank, and that extremity of the back of the terre* 
plein of the same flank, which is in rear of the angle of the 
shoulder. 

The lines, thus drawn, will represent the new form^ which is to 
be given to the back of the terreplein of every flank, after the 
ramps are constructed. Consequently the former lines, which re** 
presented it, will become imaginaiy lines, and may be rubbed out. 

76. In rear of the last drawn lines,' and parallel to them, draw 
lines at the distance of 5i yards, to represent the bottom of the 
interior slope of the rampart of each flank, in its new form ; for if 
any change is made in the terreplein of a work, it follows, as a 
matter of course, that the interior slope of the rampart must also ^ 
be altered. 

The general form of the flanks of your empty bastions, and of 
their ramps, being now complete, we shall next draw the ramps 
in the faces of the same bastions. 

77. On those lines, which represent the back of the terreplein 
of the two faces of each empty bastion, from their common inter* 
section or angular point, set oflF 15 yards each way. 

78. From the point, thus marked, on each face, as a center, 
with a radius of 41 yaids, make an intersection upon the bottom of 
the interior slope of the rampart of the Same face. 

Let the former set of points, thus marked on the faces, show the 
posiUon of the top ; let the latter show the position of the foot, 
of the several exterior 'sides of your proposed ramps. 

79. Draw the said exterior sides accordingly,* by joining the 
proper points : complete the form of your ramps, making them 
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5 yards wide; and draw the interior slope of each ramp; in die 
usual manner, making it 5i yards wide at top, and from thence 
falling away to nothing at bottom. ^ 

80. Produce those perpendiculars, which r^^](pesent the top of 
each pair of ramps inwards, as far as the capital of the bastion, 
where they will meet. 

81. From these points of intersection, as centers, describe 
small arcs, connecting the top of the interior sides of each pair of 
ramps. 

82. From the same points, as centers, but with a radius 
yards shorter (this being equai to the interior slope of the rampart), 
describe new arcs connecting the extremities of those lines, which 
represent the bottom of the interior slope of each pair of ramps^ 

The arcs, thus drawn, in each empty bastion, represent the new 
form, which is supposed to be given to the terreplein and inteijor 
slope of the rampart, in consequence of the formation of the 
ramps. r. 

• 

The general form of the body of the place is now complete, 
including the whole of its ramps, which have been constructed 
with a slope, whose base is every where in the proportion of seven 
times the height nearly 

By again referring to your sections, you will find that the base 
of the interior slope of all the parapets is in the proportion of one 
third of its height ; and that in those parts, w^here there is a ban- 
quette, there is a height of 4 feet 4 inches only, and consequently 


* The height of the terreplein of the flanks and curtains being 16} feet or 
yards in rear, the ramps of the full bastions, and <»f tlie IQanks of the 
empty ones, are made yards long, which is exactly seven times the 
above height. The terreplein of the faces of the bastions being supposed 
to be about 1 foot higher, the length of the ramps is there increased to^l 
yards, which preserves the same proportion nearly. 
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Ae base of the slope must there be 1 foot 5$ inches^ Mrhich is 
one Aird of Ae above height; that is to say, the base of Ae 
interior slope of the parapet is, in such places, very nearly equal 
to half a yard. 

But in Aose parts, where there is no banquette, as for instance 
wherever gun batteries are supposed to be established ; the base of 
Ae 'interior slope of the parapet will be 2 feet 6 inches, which is 
not quite equal to one yard. 

We are now about to draw Ae interior slope of the parapets of 
tlie body of Ae place ; and as it is proposed, in some parts to 
represent a banquette, in others gun batteries ; Aerefore, strictly 
speaking, in some parts of our figure, i yard, ih otliers about 1 
yard, ought to be set off for the extent of Ae said interior slope.. 

The former dimension is however so small, that it would be 
better to leave it out entirely, than to attempt introducing it in a 
plan drawn upon our present scale : we shall therefore take no 
notice of the difference, but make Ae interior slope of the parapets 
of all our works, nearly 1 yard wide, everywhere. 


REMARK. 

I shall here remark, that; generally speaking, in finished plans 
of fortification, it is usual, whenever a similar case occurs, eiAer 
to omit the minuter parts of the work altogeAer, as we have done, 
in our present plan, in respect to the w^le of our berms; or to 
give them, for the sake of clearness, rather mote than their actual 
dimensions, as we did in respect to Ae railing of our bridges. 
This, it must be evident, could not have been represented, in its 
true dimensions, on a scale of 50 feet to an inch; for Ae strongest 
scantling, likely to be used for that purpose, would probably be 
less than 1 foot wide. If we had begun our finished plan on a 
much smaller stale than our present one, it might then have been 
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necessai^ to omit the interior slope of the parapets altogether, ailil 
to . enlarge some of the *other slopes, &c. considerably beyond ^ 
their actual proportions, which, as we are now proceeding, we 
shall be able to represent accurately. 

Hiese irregularities, which are always to be met with, do 
not detract from the accuracy of a general plan of fortification ; k 
being well understood, that such a plan is not expected to explain 
all the Smaller details of the various works represented. 

In like manner, in civil drawings,, the general plan, elevations, 
and sections of a great edifice, point out the principal dimensions 
only : so that although the beauty and merit of the design of the 
Architect may be judged of by examining them, they do not enter 
into the minuter .details of the work. To explain these, rough 
plans, in outline, of such particular parts as require it, are drawn 
up for the use of the artificers employed; and these working 
plans, as they are called, are equally necessary in works of fortk ^ 
fication. 

Having made this remark, we shall continue our construction. 

83. In rear of the interior crest of the parapet of the body of 
the place, draw parallel lines, all round, at the distance of rather 
less than 1 yard, to show the interior slope of the parapet. 

We shall next draw embrasures, in various parts, to represent 
the position of gun batteries, w^hich may be established on the 
ramparts of the body of the place ; and for tlie general dimen- 
sions, which ought to bd observed, in this part of your construc- 
tion, 1 shall refer you to the plan and sections of the field battery, 
which you have already drawn. (See Chap, and Plates 3 and 4.J 

There you will find, that the sills of the embrasures do not 
exactly agree with the bottom of the interior slope of the parapet, 
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but stand some inches more to the front. In our present plan vte 
shall, however, suppose them to agree, in consequence of the 
smallness of the scale. 

Reducing the dimensions of the embrasures, as represented in 
the plan alluded to, from feet to yards, in order to suit our present 
apale ; it will appear that they must be made rather less than 1 
yard wide in rear, but about 4| yards wide in front ; and that the 
front or mouth of each embrasure must be drawn in front of the 
exterior crest of the parapet, and parallel to it, at the distance of 
about 1 or li yard. 

You will also find that the embrasures of a gun battery must be 
placed at intervals of 6 yards apart, measuring from center to 
center. 

Keeping these particulars in mind, you will draw the proposed 
gun batteries in the body of the place of your half octagon as 
fallows; observing, that whatever distance shall be pointed out 
for the position of the center of die first embrasure of each battery, 
must be measured upon the interior crest of the parapet, not on 
the scarp line. 

84. In each of your flanks, draw a battery of 5 guns ; let the 
center of the embrasure of the first gun be placed at the distance 
of 14 yards from the angle of the flank ; and, in drawing your 
embrasures, let the line of fire of each oblique a little outwards, 
so that they shall see not only the main ditch, but also the covered 
way and glacis in front of the faces of the opposite bastions. 

By this construction, there will be a small variation between the 
direction of your present embrasures, and those of your field 
battery, in which every line of fire was made exsi^ly perpendicular 
to the parapet. ■ 

85. In each of the faces of your empty bastione^, draw a battery 
of 3 guns, placing the center of the first embrasure at the distance 
cf 14 yards from the angle of the shoulder; and let the line of 
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fire of your embrasures be laid out a little obliquely, so that they 
shall see the ditches of thq opposite faces of the ravelins, as also 
the covered way and a part of the glacis in front of the said faces. 

86. In each of the faces of your full bastions draw a battery 
of 5 guns, placing the center of the first embrasure also at the 
distance of 14 yards from the angle of the shoulder; and attending 
to the same rule, prescribed in your last drawn batteries, as far as 
regards the direction of the two first embrasures. In the three 
remaining embrasures of each of these new batteries, you may lay 
out the line of fire perpendicularly, or nearly so. 

87. In each of the faces of your empty bastions, you will draw 
a second battery for 5 guns, in addition to the three-gun batteiyr 
which is already represented there. 

Place the center of the first embrasure of each of these new 
batteries, at the distance of 55 yards from the angle of the 
shoulder, and let the line of fire of the embrasures in general be 
laid out perpendicularly, or nearly so. 

88. Towards each extremity of the curtain of your center front, 
draw a battery for 3 guns, placing the center of the extreme embra- 
sure of each of these batteries at the distance of 40 yards from the 
adjoining extremity of the curtain ; and make the line of fire of 
your embrasures rather oblique, so as to bear well upon the inte- 
rior of the opposite ravelin. 

Gun batteries might also be represented in our remaining cur- 
tains ; and it will be understood that embrasures are not limited as 
to their position, but may be opened in any part of the parapets of 
a fortress, which is judged most convenient : we shall not, how- 
ever, draw any more embrasures in the body of the place of our 
present figure, as they might make it appear confused. 

Nor shall we represent any mortar batteries in our present plan, 
it being sufficient here to remark, that they may be established 
upon any part of the terrepleins of the various works, that is 
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judged proper; observing, however, that the platforms must be 
placed some feet further in rear of the parapet, than is necessary in 
a field battery, in ordj&r that they may not interfere with the ban- 
quettes of the fortress, which are essential towards its defence. 

Mortar batteries, if introduced in a plan drawn on our present 
scale, would be denoted by small circles, drawn a little in rear of 
the slope of the banquette, at the distance of about 5 yards apart, 
in the manner before explained, iu treating of batteries. (See 
Chap. IX, page 154.) 

Having made these remarks, we shall next proceed to represent 
the barbet batteries, which we shall suppose to be established in 
our full bastions. 

89. In rear of the salient angle of each of your full bastions, 
set off 22 yArds from the angular point, each way, upon the 
bottom of the interior slope of the parapet, for the extent of the 
front of your barbets ; and draw the terrepleins of each barbet, 
making them 8 yards wide, with perpendicular extremities. 

But before we finish these works, it will be necessary previously 
to insert the adjoining banquettes, without which the ramps and 
slopes of our barbets cannot well be drawn. 

Instead, how'ever, of confining ourselves to those portions only, 
of the banquettes of the body of the place, which are now more 
immediately required, for the above-mentioned purpose ; it wiU be 
most convenient to Jay put the whole of them at once ; and it was 
before stated, that where gun batteries are represented, no ban- 
quettes must be drawn. 

90. At the dbtance of about li or 2 yards, ^ from the center of 
the first and last embrasures of each of the former gun batteries of 
the body of the place, you will therefore mark points, outwards, 
upon the bottom of the interior elope of die parapet. 

These points are to show the extremity of each battery ; beyond 
which, no part of the banquette is supposed to be continued. 
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By referring again to your sections^ you will find^ that in all 
your works^ excepting the covered way^ the breadth of the ban- 
quette is 4 feet, which is not quite li yard ; and that the base of 
tlie slope of each banquette is rather less than 6 feet 6 inches, that 
is to say, very little more than 2 yards. 

91 . In rear of the whole of the parapets of the body of the 
place, excepting those parts w'here the gun batteries and barbets* 
are marked, you will therefore draw parallel lines, all round, at 
the distance of 1| yard nearly, to show the tread of the banquette; 
in rear of which, draw a second set of parallel lines, at the 
distance of about 2 yards, or a little more, in order to show the 
slope of the banquette, of the body of the place. 

92. From the points, marked for the extremities of your gun 
batteries, draw right lines, backwards, not exactly perpendicular 
to the parapet, but with a moderate splay oiitw^ards, in order to 
represent the extremities of the broken portions of the banquette 
of the body of the place. 

These extremities may be supposed to be formed with a slope, 
and therefore, according to the principles of plan drawing, they 
ought to be represented in our plan, by figures resembling sections 
of the work itself. 

93. At the extremity of each of the broken portions of your 
banquette, you will draw small figures resembling sections of the 
banquette accordingly. 

This being done, the whole of the banquettes of the body of 
the place will be complete. It is, however, to be observed, that 
even in those parts of a fortress, where gun batteries are esta- 
blished, small portions, of banquette are often constructed, in rear 
of the merlons, between the adjoining platforms. As the em- 
brasures are 6 yards apart, and the platforms only 3 yards wide 
in front, tliere will of course remain a space of 3 yards for the 
base of the ssud banquettes ; but by reason of the 9play of the 
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embrasure, and of the slope usually allowed at each extremity of 
the banquette itself, the length of them may be diminished to less 
than 2 yards at top. Such small portions of banquette, although 
useful, and, as before observed, often executed in practice, are 
seldom or never represented in a general plan, where they would 
appear too minute.’*®' 

Having made this remark, we shall now return to our barbets, 
the ramps of v. hich must next be represented. 

94. On each extremity of your barbets, mark points for tlie tops 
of die exterior sides of your proposed ramps, half way up the 
slope of the adjoining banquette; and from each of these points, as 
a center, with a radius of 10 yards, make an intersection upon the 
bottom of the above-mentioned slope, in order to show tlic posi- 
tion of the foot of the exterior side of each ramp. 

95. Draw the exterior sides of the ramps of your barbets accor- 
dingly, by joining the proper points ; and complete the form of the 
said ramps, making them 4 yards broad. (See Chap. XII.) 

96. ^ Draw jiarallel lines, to show' the extent of the reverse slope 

of your at the distance of 5 feet ; that is to say, at the dis- 


* Even in the field, it is usual to make small banquettes behind the 
merlons of a gun battery, and behind the parapets of a mortar battery, in 
any place not immediately in front of the platforms. These however are 
merely intended as small look-out stations for men to stand upon, in order 
to watch tlie enemy’s movements, as also, to observe the ellect of the fire of 
their own battery. Oonscciuently they are not made so high, nor so large 
in any wa}', nor with such a convenient slope, as those portions of ban- 
quette which are constructed behind the merlons of a regular fortress. 
Nor indeed is their form of any consequence whatever, provided there is 
room for one or two men to stand.conveniently and see over the parapet. 
Such being the case, it was not thought worth while to represent them, in 
the plan and sections of our field battery. 
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tance of rather less than 2 yards ; the above being supposed to be 
equal to the height of the \)arbet nearly. 

97* Draw lines across the tread of your banquette, parallel to 
the extremities of your barbets^ at the distance of rather less than 
1 yard, in order to represent the slope of the adjoining part of each 
of the said extremities, which is supposed to be equal to its height.* 

98. Draw the interior slope of each of the ramps of your bar- 
bets, making it equal, at top, to the reverse slope of the barbet itself; 
and from thence gradually falling away to nothing at bottom. 

99. Draw also the exterior slope of each of these ramps, mak- 
ing it equal, at top, to the slope of the adjoining part of the extre- 
mity of the barbet; and from thence falling away to nothing at bottom. 

Your barbets are now finished, which being supposed to be 
about 5 feet high, and tlieir ramps . 10 yards long, the latter are 
consequently constructed with a slope, whose base is in the pro- 
portion of six times the height. 

The two barbets, which you have just drawn, will be sufficient to 
explain the manner in which these works are represented in a 
finished plan of fortification; and therefore we shall not introduce 
any more of them in our present half octagon. It will, however, 
be understood, that barbets are not limited in their position, but 
may be constructed behind any part of the parapets of the body 
of the place, as also behind any part of the parapets of the rave- 
lins and other outworks, which may be judged proper, although 
the salient angles are usually preferred. 


The banquettes of the fortress are 3 feet 3 inches high, as will be seen 
by referring to the sections ; and the barbets are supposed to be 5 feet 
high. The dilfercnce between these dimensions, which is 1 foot 10 inches, 
will therefore show the height of the slope of the extremity of tlie barbet *, 
the base of which slope is supposed to be the same, but on so small a scal^ 
v/o cannot make it much less than 1 yard, in our plan. 

VOL. II. R 




«42 ELEMENTARY FORT[FICATION. chap: xiii. 


The body of the place of our half octagon being now complete, 
we shall next proceed to finish our ravelins. 

By referring again to the second figure of your sections, you will 
find, that the base of the scarp revetment of your ravelin is 5 feet, 
or rather less than 2 yards : that the exterior slope of the parapet 
of your ravelin, including the berm, is 1 1 feet, or 3f yards; that the 
terreplein of the ravelin is 30 feet, or 10 yards broad ; that the base 
of the interior slope of the rampart of tlie ravelin is 1 2 feet, or 4 
yards ; and that the thickness at top, and interior slope, of the 
parapet of the ravelin, as also the dimensions of the banquette of 
that work, are the same as those of the body of the place. 

100. In front, therefore, of the scarp lines of your ravelins, 
you will set off about 2 yards, perpendicularly, for the slope of 
the scarp revetment. 

And in rear of the scarp lines of your ravelins, you will set off, 
successively and perpendicularly, the following distances; 

First, yards for the exterior sIoj)e of the parapet; 

Secondly, 6 yards for the thickness of the parapet at top ; 

Thirdly, 10 yards for the breadth of the terreplein; 

Fourthly, 4 yards for the interior slope of the rampart ; 

And through the various points, thus marked, draw lines, all 
rougd, parallel to the scarp lines of your ravelins. 

101. In rear of the interior crest of the parapets of your rave- 
lins, draw parallel lines, all round, at the distance of rather less 
than 1 yard, to represent the interior slope of the parapets. 

By referring again to your section, you will further find, that the 
base of the slope of the gorge revetment of your ravelin is 3^ feet, 
which is rather more than 1 yard. 

102. In rear of the demigorges, and break at the gorge, of 
each ravelin, you will therefore draw parallel lines, all round, 
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at the distance of about 1 yard, to show the slope of the gorge 
revetments of your rayeliiVs. 

103. In the right face of your center ravelin, produce back- 
wards those lines which represent the sides of the drawbridge, as 
far as the bottom of the interior slope of the rampart of that face. 

104. The lines, thus produced, arc to represent the sides of an 

open gateway or communication, supposed to' be cut entirely 
through the rampart of the right face of the center ravelin of your 
figure. The whole of tiio parallel lines, which intersect the said 
communication, must .therefore be rubbed out, excepting tliat 
which forms a part of the original scarp line. ‘ This is left, because 
it agrees with and represents the back of the drawbridge ; and 
therefore, in afterwards penning your drawing, you must recollect 
to mark it black. ^ 

We shall uext draw embrasures, to represent the position of gun 
batteries, w'hich may be established on the ramparts of our ravelins. 

105. In each of the faces of your ravelins, excepting that where 
the bridge is represented, draw a battery of 3 guns, in the usual 
manner, placing the center of the first embrasure at the distance of 
20 yards from the salient angle ; and laying out the line of fire of 
your embrasures, perpendicularly, or nearly so. 

106. In each of the faces of your ravelins, excepting as before 
that where the bridge is represented, draw a second battery of 3 
guns, placing the center of the first embrasure at the distance of 
55 yards from the salient angle ; and laying out tlie line of fire of 
these embrasures obliquely, so as to bear not only upon the opposite 
reentering places of arms, but also upon the branches of the 
covered way of the adjoining bastions. 

107. In the left portion of the right face of the ravelin of your 
center front, draw a battery of 2 guns, placing the center of tlie 
first embrasure at the distance of 8 yards from the adjoinhig side. 

B 2 
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of the open gateway there represented ; and let the line of fire of 
your embrasures be perpendicular^ or nearly so. 

108. In the right portion of the right face of the ravelin of your 
center fronts draw a battery of 4 guns, placing the center of the 
first embrasure at the distance of 8 yards from the adjoining side of 
the said communication : let the line of fire of the two first guns of 
this new battery be directed upon the road of communication, which 
is cut across the glacis ; and let the line otf fire of the remaining 
guns be laid out, so as to bear not only upon the opposite reenter- 
ing place of arms, but also on the adjoining branch of the covered 
way, of the right demibastion of the same front. 

109* In rear of the whole of the parapets of your ravelins, 
excepting those paits where the batteries and gateway are marked, 
draw parallel lines, all round, at the distance of about yard, 
to represent the tread of the banquette ; in rear of which, draw a 
second set of parallel lines, at the distance of about 2 yards, to 
show the slope of the banquette. 

110. At the distance of H or 2 yards, from the center of the 
extreme embrasures of each batteiy, draw lines from the bottom 
of the interior slope of the parapet, backwards, in order to repre- 
sent the extremities of the broken portions of the banquettes of 
your ravelins : let these lines have a moderate splay outwards ; and 
complete the form of each of the said extremities, in the usual 
manner, by drawing small figures resembling sections of the ban- 
quette. 

The form of the banquettes of our ravelins is now complete. 
We shall next draw their ramps; and as the height of the terre- 
plein of the ravelins is 12 feet, or 4 yards, according to the section, 
we may make our ramps 28 yards long, which will give them a 
slope, whose base is in the proportion^of seven times the height. 

111. On those lines which represent the back of the terreplein 
of the faces of your ravelins, from their common intersection or 
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angular pointy set off 10 yards each way, excepting in the right 
face of the. ravelin of your center front only. «« 

112. From the points, thus marked in the faces of your ravelins^ 
as centers, with a radius of 28 yards, make intersections upon the 
bottom of the interior slope of the rampart of the same faces. 

These new points are to mark the foot, whilst the former set of 
points were to mark the top, of the exterior sides of the ramps of 
your ravelins. 

US. Draw the exterior sides of your ramps accordingly, by 
joining the proper points ; and complete the form of the ramps of 
your ravelins, in the usual manner, making them 5 yards wide. 

114. Draw the interior slope of each of the ramps of your 
ravelins, making it 4 yards wide at top, which is equal to the inte- 
rior slope of the rampart of the ravelin, and from thence let it fall 
away to nothing at bottom. 

In drawing these slopes, the top of each ramp v\ull necessarily be 
produced, inwards, to the distance of 4 yards ; and in each adjoin- 
ing pair of ramps, these produced lines, if correctly drawn, will 
meet each other in the capitals of the ravelins. 

115. In all your ravelins, excepting that of your center front, 
from that point iu ih^ capital of each, as a center, which is inter- 
sected by the abovq produced lines, describe an arc connecting tlie 
tops of the interior sides of the adjoining ramps. 

These arcs will represent the new form, which is supposed to be 
given to the back of the terreplein of the above ravelins, in conse- 
quence of the construction of the ramps. 

1 16. In the left face of your center ravelin, rub out the whole of 
that part of the original interior slope of the parapet, which is 
beyond the top of the ramp -represented there ; and produce the 
interior side of the said ramp, outwards, until it meets the back of 
the terreplein of the right face of the same ravelin. 

117. Bisect the angle, which is formed by the above lines, 
namely by the interior side of the ramp of your center ravelin pro- 
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diiced, and the back of the teiteplein of the right face of that 
\tork ;^and produce backwards the top of the /above ramp, until 
it meets the said bisecting line. 

118. From the point of intersection, thus found, as a center, 
describe an arc, commencing at the top of the interior side of 
the ramp of your center ravelin, which you will continue, until 
it meets the back of the terreplein of the right face of that work. 

119* From the same point, as a center, but with a radius 4 
yards shorter ( this being equal to the interior slope of the rampart 
of the ravelin) j describe a second arc, connecting the adjoining 
extremity of that line, Avhich represents the bottom of the interior 
slope of your ramp, to that which represents the bottom of the 
interior slope of the rampart of the right face of the ravelin. 

The thus drawn, in your center ravelin, represent the new 
form which is supposed to be given to part of the terreplein and 
interior slope of the rampart, in rear of the salient angle, in'eonse* 
quence of the construction of the ramp. 

A new ramp must next be drawn in the same ravelin, for the 
purpose of ascending to that part of the terreplein, which is to the 
right of the gateway ; but as tliere is not room there for a ramp 
equal in extent to the former ones, the length of the new ramp 
proposed must be diminished to 20 yards, the slope of which will 
be in the proportion of five times its height only. 

120. Upon the bottom of the interior slope of the rampart of the 
right face of your center ravelin, at the distance of 4 yards to the 
right of the gateway, mark a point, to show the position of the 
foot of the exterior side of your proposed ramp. And from the 
above point, as a center, with a radius of 20 yards, make an inter- 
section on the back of the terreplein of the same face, in order to 
show the position of the top of thq said exterior side. 

121. Draw the exterior side of your ramp accordingly, by 
necting the points, thus marked ; complete the form of your ramp 
in the usual manner, making it 5 yards broad ; and rub out the 
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whole of that part of the interior slope of the right face of your 
ravelin, which is beyond the top of the said ramp. 

122. Draw the interior slope of your ramp, making h 4 y^rds 
wide at top, which is equal to .the interior slope of the rampart of 
the ravelin, and from thence falling away to nothing at bottom. 

123. Produce the interior side of your ramp as far as the rig^t 
demigorge of your ravelin, in rear of which produced line, and 
parallel to it, draw a second line at the distance of 4 yards. 

These two lines will represent the new form, which is supposed 
to be given to a part of the terreplein, and interior slope of the 
rampart of the right face of the center i|^eliu of your figure, in 
consequence of the construction of your last drawn ramp. 

We shall suppose tlie extremities of all our ravelins, as also the 
sides of the gateway, in our center ravelin, to be reveted, with a 
slope of about one sixth of the height. 

124. At each extremity of the ramparts of your ravelins, you 
will therefore draw a figure resembling a distorted section of the 
ravelin itself; making the said figures, however, for the sake of 
clearness, rather larger than, strictly speaking, the above-mentioned 
slope of one sixth ought to permit. 

125. At the extremity of each broken portion of the right face 
of your center ravelin, you will also draw a figure resembling a dis- 
torted section of the rampart of the ravelin, making it, for the same 
reason, rather larger than its actual dimensions are supposed to be. 

The ravelins of our fortress being now complete, we shall next 
finish our tenails. 

By referring again to the second figure of your sections, you 
will find, that the base of the scarp revetment of your tenail is 
3 feet or 1 yard ; that the base of the exterior slope of .the parapet, 
including the berm, is 4 feet 6 inches, or li yard ; that the remain- 
ing dimensions of the parapet and banquette of the tenail are equal 



448 ELEMENTARY FORTIFICATION, chap. xni. 

to those of die body of the place and ravelins ; and that the base 
of the goige revetment of the tenail is £ feet £ inches^ which is 
rather less than i yard. 

, 146. In fronts therefore^ of the scarp lines of yout tenails^ you 
will set off 1 yard^ perpendicularly, for the slope of the scarp 
revebnent. 

And^^bufear of the scarp lines of your tenails, you will set off, 
successively and perpendicularly, the following distances ; * 

: First, H yard for the exterior slope of the parapet ; 

Secondly, G yards for the thickness of the parapet at top ; 

Thirdly, rather less than 1 yard for the interior slope of the 
parapet ; 

Fourthly, about 1} yard for the tread of the banquette ; 

Fifthly^ about £ yards for die slope of the banquette ; 

Xastly, in rear of the reverse lines of your tenails, set off rather 
less than I yard for the slope of the gorge revetments ; 

And dirough the various points, thus marked, draw lines, all 
round, parallel to the scarp lines of your tenails. 

1£7< In the curtain of your center teiiail produce backwards 
tliose lines, which represent the sides of the adjoining drawbridge, 
as far as the bottom of the slope of the banquette. 

The lines, thus produced, are to represent the sides of an open 
gateway or conmiunication, supposed to be cut entirely through the 
parapet of the curtain of your center tenail. The whole of the 
parallel lines, before drawn, w^hich intersect the said communica- 
tion, must therefore be rubbed out, excepting that which agrees 
with the back of the drawbridge. 

We shall suppose the extremities of all our tenails, as also the 
sides of the gateway in our center tenail, to be reveted, widi a slope 
of about one sixth of the height. 

148. At each extremity of the tenails, represented in your plan, 
you will therefore draw a figure resembling a distorted section^ of 
the tenail itself ; making the said figures, however,' for the sake of 
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clearness, rather larger than, strictly speaking, the above-^meii* 
tioued slope of one sixth ought to permit. 

129 . And on each side of the gateway represented in the ciir* 
tain of your center tenail, you will, in like manner, draw a figure 
resembling a disproportioned section of the parapet and banquette 
of the tenail; also enlarging these new figures, like the former ones, 
somewhat beyond their just dimensions, and for the same reason. 

This being done, your tenails will be complete. "We shall next, 
proceed to finish our counterscarps and covered way. 

By referring again to your sections, you will find, that the 
base of the slope of your counterscarp revetments varies from 3 
feet 6 inches, to 3 feet 8 inches, neither of which dimensiou^ is 
much more than ] yard. 

130. In rear, therefore, of the various counterscarp linti of your 
fortress, draw lines parallel to them, at the distance of rather more 
than 1 yard, in order to represent the slope of the counterscarp 
revetments. 

131. In rear of the crest of your glacis, you will next draw 
parallel lines all round, at the distance of rather less than 1 yard, in 
order to represent the interior slope of the parapet of the covered 
w^ay.* 

132. Let each, side of the ramps in the reentering places of 
arms have a slope, at bottom, equal to the interior slope of the 
parapet of the covered way; and from thence falling away to 
nothing at top ; and draw the slopes of the said ramps accord* 
ingly. 

1 33. In like manner, in the communication, represented across 
the glacis of your center ravelin, let each side of the road have a. 


^ As part of the bovered way only will be formed with banquettes, tlio 
same remarks he^ apply, that were before used, in treating of the interior 
.*<1ope of the parapet of the body of the place. (See page 
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slope, in rear, equal to tbe interior slope of the parapet of the 
covered way ; but from thence falling away to nothing in front ; 
and draw the said slopes accordingly. 

^ Before we draw the banquettes of the covered way, it will be 
proper to finish the traverses. We shall suppose that they are of 
the same interior height as the crest of the. glacis nearly, that is 
from 7 feet 6 inches to 8 feet. If we further suppose, that the 
traverses have a dip of one sixth of their thickness at top ; then the 
exterior height and slope of each will be about H yard, or a little 
more. The banquettes of the traverses, as well as those of the 
covered w^ay, are supposed to be 1 foot wider than our former 
banquettes, because a part of them is occupied by a row of pali- 
sades; but on our present scale, it is scarcely worth while to 
notice the difference. 

134. In front of each of your traverses, you will therefore set 
off, perpendicularly, about If yard for tbe exterior slope ; and in 
rear of each traverse set off, successively and perpendicularly, the 
following distances ; 

First, rather less than 1 yard for the interior slope of the tra- 
verse ; 

Secondly, about If yard for the banquette ; 

Thirdly, about 2 yards for the slope of the banquette ; 

And through the various points, thus marked, draw, lines parallel 
to the front or back of each traverse. 

135. From the outward extremity of each traverse, in rear, of the 
interior crest of it, draw a right line to show the extremity of the 
banquette of the traverse ; and let these lines oblique backwards 
towards the covered way, with a moderate splay, in. order to give 
more room for tlie passage. 

136. At the inward extremity of each traverse, draw a small 
figure resembling a disproportioned section of the traverse ; and 
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rub. out those parts of your original counterscarp lines> which intea- 
fere with the said figures.* 

137. At the outward extremity of each traverse, draw also a 
small figure, resembling a distorted section of the same ; but in 
order to give more room for the adjoining passage, round off both 
angles of it, in the manner explained in a former chapter of 
this work. (See Chap. XI j page 202.) 

This being done, the new figures, thus drawn, will not, like the 
former ones, represent the whole of the lines which ought to appear 
in a section of the traverse, but will be imperfect at the angles. 

We shall next draw the banquettes of the covered way, observing 
however that none must be represented opposite to the outward 
extremities of the traverses ; because the banquette could not be 
continued in these portions of the covered way, without blocking 
up the necessary passages. The road of communication ^nd the 
ramps in the reentering place o(arms, must also of course be left 
free. 

138. In rear of the whole of the crest of the glacis, excepting 
the above-mentioned portions of it only, you will therefore draw 
pagllllel lines, all round, at the distance of about li yard from the 
bottom of the interior slope of the parapet, in order to represent the 
tread of the banquette ; in rear of which draw a second set of pa- 
rallel lines, at the. distance of about 2 yards, to show the slope 
of the banquette of the covered way. 

The extreiriities of the broken portions of the banquettes of 
your covered way must next be represented, which must be done in 
the same manner as those of your former banquettes. 

139- Draw right lines to represent the extremities of the various 
broken portions of the banquettes of your covered way accord- 
ingly. Let a part of thfese lines be drawn from the inward extre- 
mity of each of those small breaks in the crest of the glacis, which 
represent the front of the passages of the traverses. Let a part of 
them be draw£l from the inward extremities of the sides of the road 



252 ELEMENTARY FORTIFICATION, chap. xiii. 

of communication, and ramps of the covered way. Let the 
remainder of them be drawn at such a distance from the rear of 
each traverse, as to leave a clear passage of albout Si or 4 yards in 
the narrowest part. And let the whole of them have a moderate 
splay outwards. 

140. This b^ing done, complete the form of the said extremi- 
ties, in the usual manner; by drawing small figures resenibling 
sections of the banquette. 

■ The whole of the covered waylSfemg now complete, we shall- 
next finish our caponiers, and bridges, which at present appear in 
outline bnly. 

141. From the crests of the parapets of all your caponiers, set 
oiF, successively and perpendicularly, the following distances, 
inwards ; 

First, rather less than I yard for the interior slope of the 
parapet ; 

Secondly, about I 2 yard for the banquette ; 

Thirdly, about 2 yards for the slope of the banquette ; 

And through the various points, tlius marked, draw lines parallel 
to the crests of the parapets of your caponiers. 

We shall suppose the outward or advanced extremities of our 
caponiers to be reveted with a slope of about one sixth. 

142. Yoii will therefore complete the form of the said extre- 
mities, in the usual manner, by drawing small figures resembling 
disproportioned sections of the caponier, which, for the sake of 
clearness, you may make a little larger than their just proportion. 

Strictly speakipg, small figures, resembling disproportioned sec- 
tions, ought also to be drawn at the inward extremities of the capo- 
niers, because they terminate upon the scarp revetment of the 
tenail, which is a sloping surface. But we shall not represent the 
said figures in our present plan, nor are they ever represented in 
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general plans of fortification, because, unless the scale were a great 
deal larger than 50 yards to an inch, which in such plans is not 
usual, the small sections, alluded to, could not be marked upon 
that iipace, which represents the slope of the scarp revetment of the 
tenail, witliout creating confusion. In a detailed plan, drawn. on 
a very large scale, and representing a small portion of a fortress, 
such as, for instance,,,thc tenail, caponier, and gorge’ of the ravelin, 
only, they might, however, be introduced with propriety. 

Our caponiers being therefore finished, as far as is judged neces- 
sary ; w'e shall next proceed tg. complete our bridges. 

X 

143. Across the standing part of each of the bridges, which 
appear in your center front, draw perpendiculars to represent 
planks, placing the said planks as near to each oilier as is possible, 
without creating confusion. 

144-. Produce the sides of the first plank of each bridge, that is 
to say, of that plank which is immediately iu front oip the draw- 
bridge, about 1 yard each way, to the right and left, beyond the 
sides of the railing ; and join the extremities of these produced 
lines by shoit perpendiculars. 

You have now, in all your bridges, formed two small rectangles, 
one on each side beyond the railing’. These are to represent the 
ends of one of the piers or beams, by which the bridge is supported. 
The remaming piers or beams, all of which are supposed to be 
placed at equal intervals from each otlier, must next be drawn. 

145. For this purpose, divide the standing part of the bridge, 
which extends from the curtain to the tenail, into two equal parts ; 

Divide the standing part of the bridge, which extends from the 
tenail to the ravelin, into ten equal parts; 

Divide the standing part of .the bridge, which extends from the 
ravelin to the covered way, into three equal parts: 

And opposite to the various points of division, thus found, draw 
small rectangles, equal to the former, on botli sides of each 
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bridge^ in order tp represent the remainder of the piers or beams, 
ivhich were to be drawn. 

I 

In a wooden bridge, any part or division of it, which is supported 
by two adjoining piers, is called a bay of tub bridoe. 

The bridges of our fortress being now complete, wc shall next 
proceed to draw die various staircases, and first the staircases of 
communication in the reverse of die several works. 

146. Upon the bottom of the slope of the gorge revetment of 
each of your tenails, excepting that of the center front of your half 
octagon, mark a space of 5 yards, exactly in the middle of die small 
curtain, in order to show the breadth of the landing place of a pro- 
posed double staircase. (See Chapter Fill, page 138.) 

147* From the points, thus marked, as centers, with a radius of 
6 yards, make intersections upon the original gorge lines of your 
tenail, that is to say, upon those lines wdiich represent the top of 
the slope of the gorge revetment. Let the new points, thus found, 
show the position of the top of the interior sides of your proposed 
double staircases ; and draw the said interior sides accordingly. 

148. Make your staircases 2 yards broad : and draw the top, 
and bottom, and exterior side of each. 

149*' Connect the top and bottom of each pair of exterior sides 
by right linos, in order to show tlie slope of the reveticnent of your 
do|ible staircases. 

150. Draw perpendiculars across each staircase, to represent 

steps, as near to each other as is possible, consistently with 
clearness. * 

This being done, the staircases in the reverse of our tenails will 
be complete. We shall next draw those of our ravelins. 

151. In the middle of the break at the gorge of each of your 
ravelins, excepting that of the center front of your half octagon, 
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set oiF a* space of 5 yards, upon the bottom of the revetinent, 
in order to show the breadth of the landing place of a proposed 
double staircase. 

152. From the points, thus marked, as centers, with a radius 
of 10 yards, make intersections upon the original gorge lines of 
your ravehns, that is to say, upon those lines which represent die 
top of the slope of the gorge revetment. Let die new lines, thus 
found, show the position of the top of the interior sides of your 
proposed double staircases, and draw the said interior sides accord- 
ingly. 

J53. Make your staircases 2 yards broad; and draw the top 
and bottom, and exterior side of each. 

154. Connect the top and bottom of each pair of exterior sides 
by right lines, to show the slope of the revetment of your double 
staircases ; and draw perpendiculars to represent steps, in the usual 
manner. 

This being done, the staircases in the reverse of our ravelins will 
be complete. We shall next draw Uiose of the covered way, com- 
mencing with the staircases of the salient places of arms. 

155. In the middle of each of the circular parts or salients of 
your counterscarp, set off a space of 5 yards upon the bottom of 
the slope of the revetment, in order to show the breadth of the 
landing place of a proposed double staircase.’^ 

156. From the points, thus marked, as centers, with a radius 
of 10 yards, make intersections upon the original counterscarp 
lines of your plan, that is to say, upon those lines which rci)resent 
the top of the slope of the revetlnents, in order to show the position 
of the top of the interior sides of your proposed double staircases. 


* This of course implies, that one half of the breadth of the landing 
places will be set off to the right, the other half to the left, of the capitals ef 
the salient places of arftis. 



256 ELEMENTARY FORTIFICATION, chap. xiit. 

157* Draw the said interior sides accordingly^ by connecting 
the proper points on the top and bottom of the slope of the coun* 
terscarp revetment; but as the counterscarp is built there in a 
circular form^ the points alluded to must be connected by curved 
Knes, not by right lines, as in your former constructions. 

158. Complete the form of your staircases, making them 2 
yards broad, and representing the exterior sides of them by curves, 
drawn parallel to the interior sides, at the above distance ; but 
marking the top and bottom of each by perpendiculars, in the 
usual manner. 

159. Connect the top and bottom of each pair of exterior sides 
by curved lines, in order to represent the slope of the revetment of 
your double staircases. These curves must be drawn parallel to 
the original curves of your counterscap, which are arcs of a circle; 
and therefore, in describing them, the same points, that is to say 
the salient angles of your bastions and ravelins, must be used as 
centers. 

160. Represent steps in the usual manner, and the double 
staircases of all the salient places of arms of the covered way will 
be complete. Those of the reentering places of arms shall next 
be drawn. 

161. From each of the reentering angles of the counterscarp, 
set off 4 yards to the right and left in order to show the position 
of the foot of each of the interior sides of your proposed double 
staircases. 

162. From the points, thus marked, as centers, with a radius of 
10 yards, make intersections upon the original counterscarp lines of 
your plan. Let the new points thus found show the position of the 
tops of the interidl sides of your proposed double staircases ; and 
draw the said interior sides accordingly. 

163. Make your staircases 2 yards broad ; and draw the top, 
and bottom, and exterior side of each. 



FINISHEP PLAN OF A REGULAR OCTAGON. 257 


164. Draw right lines connecting the bottom of each pair of 
exterior sides', in order jto show the front of the landing places of 
}'Our double staircases. 

165. Parallel to these lines draw a second set of lines, out- 
wards, at a distance equal to the breadth of the slope of the coun- 
terscarp revetment, in order to show the extent of the slope of the 
revetment of your double staircases, in that part of each, which is 
immediately in front of the landing place. 

166. Draw the slope of the revetment of each of the exterior 
sides of your double staircases ; making the said slope, at bottom, 
equal to that of the counterscarp revetment, and from thence falling 
away to nothing at top. 

This being done, the whole of the slopes of the revetment of each 
of your new double staircases will be complete, which by reason 
of the angles, could not be drawn in so simple a manner, as the 
corresponding slopes of your former staircases. 

167. Draw perpendiculars, in the usual manner, to represent 
steps, and all the staircases of the covered way of your half octa- 
gon will be complete. 


REIMARK. 

In afteewards penning your drawing, you may leave your landing 
places open in rear (in the manner represented in the second 
figure of a double staircase^ given in page 159), in order to de- 
note, that the said landing places are supposed to be on the same 
level with the bottom of the ditch. 

But if, as is sometimes the case, the landing places of our stair- 
cases were supposed to be raised one step higher tlian the bottom 
of the ditch, then it would be necessary to represent the said step 
by a line drawn across the reverse of the landing place. In the 
staircases of the salient places of arms, this would be done by a 

VOL. II. 


Jr 
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curved line ; but in all the remaining staircases of communication 
by right lines. 

When the ditches of a fortress are wet, the landing places of ;he 
staircases of communication, are always placed a little above^ die 
level of the surface of the water, so that men may be able to step 
out of a boat conveniently upon them. Consequently they are 
always at a considerable height above the bottom of the ditches. 
Sometimes, also, when the ditches of a fortress are dry, the landing 
places of the staircases in the reverse of w'orks are not placed on 
or near the level of the bottom of die ditch, which w'e have 
hitherto supposed to be the case, but at the height of 0 or 7 feet 
above it. This is done, in order to pievent an enemy, from pene- 
trating easily into the various outworks, by means of the staircases at 
the gorge ; and in this case the troops of the garrison themselves 
are obliged to use shoi:t ladders, for the purpose of ascending from 
the ditch to the level of die lauding places, which they draw up 
after them into the interior of the work, as soon as the whole of any 
party of men, sent there on duty, have ascended. 

In drawing the plan of a staircase of the last-mentioned descrip- 
tion, the back of the landing place, and consequently the foot of 
each interior side of the staircases would not exactly agree, as iii 
our former constructions, with the bottom of die interior slope of 
the gorge revetment of the work, in which it is supposed to be 
formed ; but would require to be drawn a part of the way up the 
said slope. 

For instance, if we suppose a double staircase to be constructed 
ill the reverse of a work, the landing place of which is supposed 
to be raised to the height of 6 feet above the level of the ditch ; 
whilst the gorge revetment of the work itself is 18 feet high above 
the same level ; then the landing place being by supposition one 
third of the total height of the revetment, it will be evident that 
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the back of the landing place niust^ in a plan, be represented by 
a line drawn in front df and parallel to the bottom of the slope of 
the gorge revetment, exactly one third way up that space which 
represents the said slope. And the extremities of the back of the 
landing place, thus drawn, will also represent the position of the 
bottom of each interior side of the proposed double staircase. 

But it is here to be observed, as on former occasions, that even 
under the above supposition, it would not be w'orth while, in any 
general plan of fortification, to mark the difference betw'een the 
position of the back of the landing place of a staircase of this 
kind, and the bottom of the gorge revetment of the work in which 
it is supposed to be constructed. For example, in a landing 
place 6 feet high, the above difference w'ould only be 1 foot, admit- 
ting that the gorge revetment had the usual slope of one sixth of its 
height. This difference, it may easily be conceived, would be by 
far too insignificant to notice, except in a detailed plan, drawn on 
a much larger scale than 50 yards to an inch. It is proper, how- 
ever, as I must again repeat, that such minutiae, in the art of plan 
drawing, although frequently omitted in practice, should be tho- 
roughly understood. 

Having made these remarks, we shall return to our construction. 

l6d. Exactly in the middle of the center curtain of the body of 
the place of your half octagon, set off a space of 4 yards on the 
back of the terreplein, to show the breadth of a gateway ; and in the 
middle of each of the remaining curtains of the body of the place, 
set off, in like manner, a space of 3 yards ofi the back of the terre^ 
plein, in order to show the breadth of posterns or sallyports ; and 
from the various points, thus marked, draw perpendiculars, out- 
wards, across your curtains, to represent the sides of the said gate- 
way and sallyports. 

These are supposed to be arched over, and therefore, in after- 
w^ards penning your drawing, they must be dotted. 

s 2 
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ITiat part of the entrance of each gateway, which is in rear of 
•the back of the terreplein, still remains to be drawn. It is sup- 
posed. to be left open at top, and is usually wider than the arched 
part of the gateway. 

169. Draw the said entrances in all your curtains, making that 
of center curtain 6 yards wide, but those of your remaining 
curtains 5 yards wide only. Represent the sides of them by small 
perpendiculars, drawn across the interior slope of the rampart ; and 
let the center of each agree with the center of the corresponding 
gateway ox sallyport, which you have already drawn, in the same 
curtain. 

170. On each side of the above entrances, draw figures extend- 
ing across the interior slope, to represent staircases of the rampart. 
Make these staircases about 3 yards wide ; marking their sides by 
double lines to show the copings, and drawing also lines to repre- 
sent steps in the usual manner. (See Chapter Fill, page 136 .) 

17 L Draw a couple of lines perpendicularly across the curtain 
of each of your tenails, excepting that of the center front of your 
half octagon, at the distance of about 3 yards apart, in order to 
represent the sides of arched sallyports supposed to be placed 
exactly in the middle of each tenail ; and recollect, in afterwards 
penning your drawing, that the said lines must be dotted. 

172. In every curtain of your half octagon, excepting the cen- 
ter one, mark the front of each sallyport, upon that space, which 
represents the slope of the scarp revetment, by a small figure 
resembling a disproportioned elevation of a semicircular gateway. 
( See the concluding part of Chapter XI. ) 

Strictly speaking, a similar figure ought also to be drawn in the 
curtain of our center front, but we shall omit it for the. sake of 
clearness, as it would make the back of the drawbridge, which is 
represented there, appear confused. 

173. According to the strict principles of p^n drawing, small 
figures, resembling disproportioned elevatio^^iOf a semicircular 
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gateway, ought also to be marked in front and rear of each tibnail 
of your half octagon, excepting the center one, upon those spaces" 
which represent the slope of the scarp revetment, and the slope- of 
the gorge revetment, of these w^orks. You may mark them, if you 
think proper, observing however, that if the breadth of each of the 
said slopes, which in both is small, were laid off according to its 
just dimensions, it would scarcely be possible to introduce the 
small figures alluded to upon either of them, in a plan drawn on 
our present scale, without creating confusion. 

The whole of the outline of your finished plan is now com- 
plete in all its details. 

174. Pen your drawing, marking the revetments by red lines as 
usual, the remainder in black. 

Observe also, that in addition to the scarp lines, crest of the 
glacis, and interior crest of each traverse, which, as it was before 
stated, must be penned by thick lines; the interior crest of the 
parapet of every work must also be made tliick. 

It is likewise usual in a general plan, like our present oney. to 
pen with thick lines one cheek of every embrasure all round, 
choosing always, for this purpose, that cheek, which is nearest to 
the top or left side of your margin. 

175. You may next shade your drawing with Indian ink, in 
which the rules generally observed are as follows. 

First, those parts of a fortress, which are either horizontal or 
nearly so, such as the interior of works in rear of the ramparts, the 
tcrrepleins, banquettes, berms, ditches, and covered way, ai*e always 
left blank Or unshaded. 

Secondly, all slopes are shaded ; but in so doing, those slopes 
which approach nearest to a horizontal plane, that is to say whose 
base bears a fgreater proportion to their height than others, are 
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. shaded lighter in proportion. For example, the glacis is usually 
shadeil fighter than the exterior slope of the parapet. 

Thirdly, in conformity with a rule mentioned in Vol. I. (See 
page 268) the light is always supposed to shine from the left 
extremity of .the top of a drawing, in a diagonal direction, down- 
wards ; and consequently all the slopes of your foitress which face 
towards the top or left side of your margin, must be shaded light, 
whilst, those which face towards the bottom or ri^ht side of it, 
must be shaded dark. 

Fourthly, in shading slopes, the Indian ink is applied stronger at one 
side than at the other, but the di6ference of shade must be gradual, 
the darker paits being softened away by degrees : and the full effect 
required must not be attempted all at once, but by applying several 
successive shades one ov^r the other. 

In those sides of a work, which are supposed to face towards 
the light, and which arc therefore shaded more lightly than the 
others, as w^as before observed, the various slopes must be shaded 
off, as it is called, from the bottom upwards • that is to say, the 
darkest part of the shade must be applied to that line, which 
represents the bottom or foot of the slope. 

Ill those sides, on th^ contrary, which are not supposed to face 
towards the light, and which consequently must be made darker 
than the former, the various slopes must be shaded off from the 
top downw'ards. 

Such are the rules, usually kept in view, in shading the finished 
plan of a fortress ; but deviations from them may often be observed 
in well-executed plans, either for the sake of producing a better 
effect, or to render the plan clearer, which last point, next to accu- 
racy of outline, i% the principal merit in fortificational drawings. 

176. You may next, if you diink proper, colour your drawing, 
(lie riiles for which are as follows. 
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Earthen slopes, such as the interior slope of the ramparts, the 
whole of the parapets, the traverses of the covered way, the glacis, 
and the slopes of the various banquettes, are usually washed over 
with a light tinge of greeii. 

Dry ditches are w^ashed over with a light tinge of brown, re- 
sembling the colour of sand. Wet ditches, when any are intrp- 
duced, which is not the case in our present plan, must be washed 
over witli a light tinge of blue to represent water. 

Woodwork is usually coloured, so as to resemble the natural 
appearance of timber, before it is painted. 

In the plan of a fortified city, when the streets are represented, 
the houses of the inhabitants are always stained red, this being the 
colour chosen to denote masonry, as has frequently before been 
mentioned. In military buildings, however, particularly such as 
are connected with the fortifications, a different practice is usually 
followed. In these, not their foundation or ground plan, but their 
roofs are often shown. For this purpose, after completing ^he out- 
line of each building, which is thus to be represented, lines are 
drawn to mark the ridges and furrows of its roof, the sloping sides 
of which are afterwards shaded with Indian ink, according to the 
rules before stated ; and the whole is then washed over with a light 
tinge of blue to represent slating. 

Strictly speaking, the same rules, which hold good in representing 
one kind of building, ought also to apply to all others, at least in 
the same plan. It is better however to make the above distinction, 
by means of which it can be seen at once, whether the buildings 
represented in the plan of a fortress are civil or military. 

In penning streets or buildings, those sides, which face tow^ards 
the top or left side of the drawing, are marked by thin lines, whilst 
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the others are made thick ; the former to represent the light, the 
latter the shaded sides of the houses. 

In architectural or mechanical drawings, representing buildings, 
carpenter’s work, machinery, &c. the above rule is always followed 
in regard to the thickness of lines ; so that, generally speaking, 
about one half of the lines introduced in them are penned thin, the 
remaining half being penned thick, according to the direction from 
whence the light is supposed to shine. 

From the nature of the objects represented in such draw'ings, 
this contributes very much to render them clear and distinct. But 
in plans of fortification, in which a very great number of parallel 
lines are generally introduced, the same method, if followed, 
would create confusion ; and therefore the principal lines of a for- 
tress only are penned thick, in order to distinguish them from the 
others, without any regard whatever to the direction of the light. 

It may also be observed, that, in geometrical drawings of build- 
ings, machinery, &c. and more p.irticularly in elevations, the sha- 
dow's of the various parts are often represented ; which when 
judiciously done, not only embellishes such drawings greatly, but 
contributes to their clearness. In plans of fortification, on the 
contrary, this is seldom or never attempted, because, in these, it 
would produce quite a different effect. 

Part of the remarks, which have just been made, upon shading 
and colouring, &c. do not apply to our present plan, in which, for 
instance, no buildings either civil or military are represented. 1 
thought it best, however, to introduce them here, in order to com- 
plete that part of my subject which relates to plan drawing ; and 
which could not, in all cases, have been clearly explained, without 
occasionally mixing it with the rules for the various constructions : 
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although the work would certainly have been more methodical, if 
they could conveniently have been separated 

177. After you have shaded, and if you judge proper, coloured 
your drawing in the manner above directed ; write, as the title of 
it, in large letters, in any convenient place, the words plan of a 
REGULAR OCTAGON FORTIFIED ACCORDING TO VAUBANV 
FIRST SYSTEM. 

178. Insert a finished scale any where near the bottom of your 
margin : pen it ; and wTite over it, Scale of 50 yards to an inch. 

179. Fiiiish your margin, in the usual manner. 

REMARKS. 

In your present construction, you must have observed, that 
afta' the simple outline of your half octagon was drawn, by far 
the greater part of the remaining lines, which were necessary for 
completing the finished plan of it, were found by merely referring 
to the profile or sections. But the method of transferring dimen- 
sions, frohi a section to a finished plan, is grounded upon such 
very simple principles, that when once thoroughly explained and 
illustrated by examples, in so ample a manner as has been done 
in our present plan, it could never be necessary to enter into any 
detailed explanation of these principles a second time. 

In like manner,* the rules for drawing the figures, resembling 
distorted or disproportioned sections and elevations, w hich gencmlly 


^ Some of the above remarks on shading and colouring wilt also appear to 
be a repetition of what was said upon the same subjects in the first volume. 
"Hiis was done for the convcniency of those readers, who from their previous 
' education may find it unnecessary to provide themselves with a copy of 
that volume. It may be observed, however, that the passages thus 
repeated do not occupy above a page at the utmost; and in other respects, 
two volumes are independent of each other. 
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appear in finished plans of fortification, are in themselves exceed- 
ingly simple ; so much so, that a person, <vvho has once made him- 
self master of them, and exemplified them by practice to a sufficient 
degree, can never be at a loss as to the proper method of applying 
the same rules, in any new cases which may occur. 

Moreover, in drawing the ramps, barbets, staircases, Sec. which 
must be introduced in a .finished plan, a considerable part of the 
iiecessary dimensions may also be found by a simple reference to 
the profile or sections. The slope of a ramp, for instance, is 
usually made equal, in its widest part, to some adjoining slope, 
such as the interior slope of the rampart of the body of the place, 
ravelin, or other work, where it is supposed to be formed ; and in 
like manner the slope of the revetment of a staircase of communi- 
cation is made equal, in its widest part, to the slope of some 
adjoining revetment. The length of each ramp and staircase is 
also usually determined so as to bear a certain proportion to the 
height of th<^ respective works, in which they are constructed; all 
of which heights are generally marked in the principal sections of 
the fortress.* Consequently, to those who are acquainted with these 


• The proportion, which the length of every ramp, introduced in our 
present plan, bears to the height of the terreplein of the work, in which it 
is constructed, has already been explained. With respect to the various 
staircases of communication, the length of each has been made in such pro- 
portion to its height, as to admit of steps about 1 foot broad, aitd 9 inches 
high. For example, by referring to the second figure of your sections, you 
will find that the reverse of the tenail is 14 feet high above the level of the 
ditch ; whilst the gorge of the ravelin is 22 feet high above the same level ; 
and accordingly, in the former work, the staircases were made 6 yards long, 
in the latter 10 yards ; the length of each staircase being greater than its 
height, by about one third, which proportion is exactly calculated for steps 
of the above-mentioned size. The staircases of the covered way have been ' 
made equal in Icngtli to those of the ravelin, because the height of the 
counterscarp, in general, is nearly equal to that of the gorge revetment ol 
the ntvelins, as may also be seen by referring to your sections. 
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details, it is scarcely necessary to state any thing further respecting 
the construction of a ramp or staircase^ than its length and breadth, 
with the position of the top or bottom of it ; which particulars, it is 
evident, may be specified in a very few words. 

As far as regards the simple outline, and the principal sections, 
which form the groundwork and most important part of any system 
of fortification ; these may, in almost all cases, be amply explained 
ill a very brief manner, as may be allowed by referring to Chapters 
V, and VI, and Plates 1, and 2. 

Upon the whole it follows, that to persons, who have the pre- 
vious knowledge above supposed ; namely, * who understand the 
method of transferring dimensions from a section, and who are 
acquainted with the rules for the construction of barbets, ramps, 
staircases, &c., and for properly representing the sloping extremi- 
ties of works ; the construction of the finished plan of any system 
of fortification inay be explained, in a perfectly clear and intelli- 
gible, and yet in a concise, manner, witiiout entering into one 
fourth part of the detailed explanations, which have been intro- 
duced in our present chapter. 

The common authors on fortification always write in the brief 
manner, now alluded to. They give a sufficient number of expla- 
natory plans and sections, it is true, but in laying down rules for the 
construction of them, they state the principal dimensions only, and 
they do not, in any case, enter into detailed explanations of the 
smaller parts of a fortress, nor do they ever attempt to illustrate 
the minutiae of the Principles of Plan Drawing, as applied to the 
delineation of military works. 

: In consequence of this mode of treating their subject, although 

the writings of such authors may serve, either to add to* the informa- 
tion or refresh the memory of those, who have previously studied 
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fortificadon under proper masters ; they are by no means calcu- 
lated to give any just or precise notions -of the nature of a' fortified 
place, . to such readers as have no previous knowledge of the 
subject. 

In the rules, which have hitherto been given for the various con- 
structions, contained in this book, a very different system has been 
adopted ; every point that was to be marked, every line that was to 
be drawn, and every arc that was to be described, having in all 
eases been distinctly and individually specified. This has necessa- 
rily swelled out our constructions, Sec. to a very unusual length ; 
but if it had not been done, they would, like those of former 
writers, have remained almost entirely unintelligible to readers in 
geiieral. 

So much, however, has now been done for the sake of clearness, 
that the same minute attention to details will not be necessary in 
future. If you have paid due attention to the foregoing parts of 
this work, you must now be so far advanced, that you ought to be 
able to understand every thing that you may meet with in other 
books of Fortification and to comprehend with ease any plan, 
section, or other drawing, relative to that art, which may fall 
in your w^ay. And for the same reason, if it appeared necessary, 
in continuation of my present subject, to explain any other system 
of fortification, different from that which has just been illustrated ; 
I should think it quite sufficient, for your guidance, in draw'ing a 


* At least all the practical rules, which, if founded upon just principles, 
form by far the most useful part of any work upon this subject. As for the 
geometrical theorems, algebraical formulae, &c. wliicli many writers on 
fortification have introduced for the purpose of demonstrating their rules ; 
these cannot, of course, be understood without a much greater degree ol '' 
mathematical knowledge, than the first volume of this work pretends trt 
communicate. 
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/inislied plan of it^ to state the principal dimensions only, in a con- 
cise manner, according to the practice commonly followed by 
former writers. 

Having made these remarks, in explanation of the peculiar 
system, which has been adopted in this book, we shall now 
proceed lo another part of. our subject. 


CHAP. XIV. 

ANCIENT AND MODERN FORTIFICATION COMPARED.— 
THE NECESSITY OF FLANK DEFENCES EXPLAINED.— 
ADVANTAGES OF THE BASTIONARY SYSTEM OF FORTI- 
FICATION.— REMARKS ON THE REDAN SYSTEM.— THAT 
1’HE GLACIS OF A FORTRESS OUGHT TO BE DEFENDED 
BY A PLUNGING, RATHER THAN BY A GRAZING FIRE. 
— OF THE COMMAND WHICH THE FLANKS OUGHT TO 
HAVE, OVER THE TENAIL, &c. 

The finished plan of a regular octagon, which you have just 
drawn, together with the sections, that you before constructed 
according to scale, may serve to give you a complete notion of 
the nature of a modern fortress ; particularly as all the minuter 
parts, which appeared to require a more ample explanation, have 
been fully treated of in detail. 

I shall now explain the reasons, which have caused the above, 
or some similar system, to be adopted in modern times, as the best 
method of constructing a regular fortress. 

This cannot be properly done, without going back to former 
periods, when very different methods of fortification were in use. 

In ancient times, before the discovery of gunpowder, no bas- 
tions were ever used. The inclosing walls of a fortress, in those 
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days, consisted of curtains and towers, which generally were eilheiS 
round or square. Tlie sketch of the plan of an ancient 
FORTRESS was therefore as follows. 

o 


o- 

The ramparts were narrow, and almost always of masoniy, built 
nearly perpendicular on both sides. The towers were usually 
higher than the curtains, and frequently, but not always, inclosed 
all round, so as to be equally strong towards the interior of the place, 
as towards the country. The parapets consisted of walls six or 
seven feet high, but seldom more than two feet thick, with small 
embrasures or holes open at top for the use of the archers or 
others defending the walls. 

The upper part of the wall or rampart, including the parapet, 
constituted what was called the battlements. 

The section of the. 
curtain of an ancient 
fortress may be repre- 
sented by the annexed 
figure ; in which the 
wall or rampart, the 
parapet, and the em- 
brasure, are distinctly 
shown. 
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In addition to the small embrasures above described, there were 

r 

generally holes for the saipe use, cut somewhere through the lower 
part of the walls, and particularly in those of the towers. These 
holes were usually about two or three feet high, and seldom much 
more than six inches wide on one side, but considerably w^ider on 
the other. Their splay, which resembled that of an embrasure, 
w as intended for a similar purpose, in order to enable the archers 
to command a sufficient space of ground to the right and left. 
They were not cut in a horizontal direction, but usually so as to 
slope a little downwards. 

The holes, thus pierced through the body of a wall for the use of 
the defenders, were called crennels or loopholes. 

Loopholes, pierced through a thick mass of masonry, were of 
course limited in their range ; and there must have been points 
outside, particularly near the foot of the walls, where the assail* 
ants could not be seen or annoyed from any of them. This disad* 
vantage, how ever, did not apply to the defences arising from the 
battlements. It wdll readily be understood that archers posted 
there, behind the thin parapets above described, could easily dis- 
cover every thing that was passing in the ditch, and even at the very 
bottom of the walls, immediately below them ; and that they could 
take aim through their embrasures at any enemy in that position, 
who might be preparing to scale or otherwise assault the fortress ; 
in the same manner, that by looking out over the sill of the upper 
window^ of a common dwelling house, you may see and fire at any 
persons in the street below, who may be attempting to break open 
your door. 

There was another contrivance, used in ancient times, for the 
convenience of shooting perpendicularly dow^iiw ards, and for 
I throwing heavy stones, combustibles, &c. upon an enemy standing 
-at the bottom of the \yalls with a view to assault them. 

^ This consisted in forming vertical loopholes, through w hich the 
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defenders might annoy the assailants ; and as the object of thesev 
was to shoot downwards only, the soldiers who were posted there, 
w^ere protected by a parapet in front and on each flank. 

This contrivance, which shall now be described, was called 
A MACHICOOLY. 

At the distance of two feet and a half apart from each other, or 
thereabouts, long stones called couiiet.s were built into the wall, 
the ends of which projected about three feet, or as much as might 
be judged necessary, beyond the outside of it. 

A stone floor, cither arched or consisting of long flat stones, was 
laid over these corbels and supported by them, in which state they 
exactly resembled a common balcony. 

Ill the floor of this balcony, the vertical loojiholes for shooting 
downwards were cut, and tlie sides and front of it were built up 
with a thin parapet six or seven feet high. 

It will easily be understood, that a man standing behind this 
covered balcony or machicooly could not be seen by the cnemy^s 
troops from without ; and yet that he would have it in his power 
to annoy them by very effectual means of destruction, as soon as 
they approached the foot of the w'alls. 

The machicooly was placed near the summit of the walls, and 
more especially over gateways, to prevent an enemy from forcing 
tliem. 

From the common battlements of an ancient fortress, above 
described, it was also possible for men to shoot perpendicularly 
downwards, as was before observed ; but then, in so doing, it w^as 
necessary for them to lean over the sills of the small embrasures, 
in which they could not avoid exposing a great part of their body. 

Ill the machicooly, on the contrary, a man is scarcely exposed , 
at all, for an enemy has no means of annoying him, except by firing. 
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perpendicularly upwards^ . through a small hole^ which it is almost 
impossible to do with any effect. 

Ill common balconies, there is only one stone used for each 
corbel ; but in the machicoolies, ivhich I have described, it was 
usual to form the corbels of several courses of stones, which added 
greatly to their strength. 

For instance, in constructing a machicooly, which was intended 
to project three feet beyond the general line of the wall, four 
courses of stone might be used for each corbel : the first or lowest 
course to project nine inches ; the second course eighteen inches ; 
the third course twenty-seven inches : the fourth course to com- 
plete the thirty-six indies, or the three feet, required. 

In the annexed section of an 
ancient wall, crowned by a ma- 
chicooly, 1, 2, 3, and 4, repre- 
sent four courses of masonry, 
projecting from the body of the 
wall in such a manner as to form 
the corbel. These are seen 
in elevation, the section being 
supposed to be taken through 
the intermediate space between 
two corbels. 

5, represents the course of 
covering stones, or arch, forming 
the floor of the machicooly, 

through which the vertical loop- 

, . 

' 'Vile IS cut. 

^ P, is the parapet which covers the machicooly in front. 

} And a, is a small interior parapet to prevent accidents, whicL 
-..ght arise from men stepping into the vertical loopliolcs. 
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L o, is a crennel or common loophole; pierced through the body 
of the wall, as before described. 

By way of further illustration, the exterior elevation of an ancient 
to^er is added. In the center of the battlements a machicooly 
with four corbels is represented, on each side of which is a com- 
mon thin parapet with small embrasures for archers. Halfway 
down is a low of crenuels or loopholes. 

ui-nj P"i-nri 

InAnJ 

0 D D D D 


After fire arms were iinented, the ancient ramparts, vhich 
answered very well for archers and even for musquetry, were found 
much too narrow to admit of great guns being mounted and 
manoeuvred upon them. 


For this reason, it became necessary greatly to increase the width 
of the ramparts, which was done, not by adding more masonry, but 
with earth and rubbish, for the sake of economy. Hence arose the 
modern terreplcin or body of the rampait, with its interior slope. 

It was also found, that the thin parapets of antiquity could make 
no defence whatever against cannon shot. Therefore their thick- 
ness w as increased to eight or ten feet of solid masoniy. 

Parapets of this description resisted cannon shot for a cerlai? 
tinic, but after continued firing, they were ruined by degrees, an. 
the fragments of stone and bricks, knocked off in all directions b 
the effect of the enemy’s batteries, were found exceedingly trouV' 
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.>ome, and even destructive to the defenders, often doing more mis- 
chief than the cannon balls themselves. 


Parapets of masonry were therefore entirely abandoned, and the 
thick earthen parapets of modern fortification adopted in their 
stead. 

These offer by far the best protection against cannon shot ; for 
in a mound of earth, the ball will eitlier bury itself without doing 
any mischief, or if it glances off after grazing, no dangerous splin- 
ters arc produced. Earthen parapets are likewise not only the most 
difficult to ruin, but the easiest to repair. 

It is fiiithcr to he observed, that in ancient times, height was 
considered a principal criterion of the strength of a fortress ; so 
that it is commou to meet with ancient walls or towers, from fifty 
to seventy or eighty feet high ; and some may be seen considerably 
higher, even than the last-named dimension. 


After cannon were invented, such high w'alls as these were found 
to be very prejudicial. For the besiegers might establish their 
breaching batteries at long ranges, that is to say, at about a thou- 
sand yards from the fortress. The fire of cannon, although suffi- 
ciently powerful and destructive against any object, which it may 
happen to strike, is very uncertain at that distance. Therefore 
the besieger’s batteries being low and small objects, and formed 
with earthen parapets, could receive little or no injury from the fire 
of the place : whereas tlie high extensive walls of the fortress pre- 
sented so large a mark, that they could not fail to be struck some- 
where, by every shot that was fired against them. Consequently, 
filter a few days firing, the fortress might be laid open and exposed 


'^a general assault, with scarcely any loss whatever being pre- 
tiously sustained by the besiegers. 

Ipor this reason, the high naked walls of antiquity were abaii- 
,*ned, and much deeper. ditches than were usual in ancient tiiines 
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were introduced ; by means of which the walls of a modern for- 
tress are, as it \vere, in a great measure buried below the surface of 
the ground ; and to secure them still further against the effect of 
distant cannon shot, counterscarps and glacis, contrivances un- 
known to the ancients, have been raised in order to screen thf 
*ipper part of them * 

By these means, the revetments of a well-constructed modem 
fortress, although still of such a respectable height, as to secure 
them against the risk of being easily taken by escalade, are so com- 
pletely covered; that no part of the masonry can even be seen 
from the country. 

Consequently it is impossible for an enemy to effect a practi- 
cable breach, in a place properly fortified according to the modern 
system, by distant batteries. He must necessarily establish bit 
breaching batteries, and bring up his guns, close to the crest of the 
glacis, that is to say almost to the very brink of the ditch, before 
they can see any part of the revetments. * This involves him in a 
number of long and tedious operations, not to be effected without 
great labour and loss ; for in so doing, his troops arc exposed to 
a close fire both of cannon and inusquetry, raid may be annoyed 
by mines and other offensive means, which are not to be feareu 
whilst they continue at a distance. 

It is to be observed, that as far as regards the object of covering 
the revetments only, a simple counterscarp and glacis would 
answer equally well, or indeed better, without any covered w'ay 


* As there wcreditchc.^ in ancient fortresses, the counterscarp, if tak's 
in OTIC sense merely aji the exterior side of the ditch, cannot, strict 
speaking, be said to have been unknown. It was unknown, however, as: 
^over to the walls, which is its principal use in modem fortification. 
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ii'he latter work has been introduced in modern fortification, prin- 
' cipally for the convenience of making sorties. The troops intended 
for that purpose may there be assembled to advantage, in any num- 
ber that can be required. From thence they may, by means of 
the ramps, and by short ladders sometimes used for clearing the 
palisades, speedily form upon the glacis, preparatory to an attack 
upon the besiegers ; and after the object of their sortie is accom- 
plished, the covered way affords them a safe retreat, as also a 
place of support, from whence they ma}' in retiring be protected by 
reserves of infantry. 

If, on the contrary, a fortress were constructed without any 
covered way, there would be no means of retreat after a sortie, 
except by the bridges and gates, where only a small number of men 
can enter at once ; so that the others might be obliged to wait for 
a considerable time, upon the glacis, completely exposed to the 
enemy's fire, without any parapet or cover to protect them. Con- 
^quently, in a place constructed in stich a defective manner, the 
troops employed in a sortie, if vigorously pressed, must be thrown 
into the utmost disorder ; so much so, that a part of them might 
be driven headlong into the ditch, whilst the remainder being 
crowded together in a state of helpless confusion on the bridges 
and gateways ; a daring enemy might even have an opportunity of 
taking the place, by entering j^ell-mell with the fugitives. 

Independent of the important advantages, which it thus affords 
to the defence of a fortress, by facilitating tlie operations of a 
sortie, the covered way is also of use, as a post for inusqiietry, 
from whence the enemy may be checked in his attempts to esta- 
blish himself, near or upon the glacis of the place besieged. But 
more will be said upon this subject hereafter. In the mean time, 
shall return to our investigation into the difference between 
* ' |Cieiit and modern fortification. 

f^Thc changes, which took place in the profile of fortresses, sub 
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sequcntly to the invention of gunpowder, have already bee^ 
accounted for. The difference in the outline or plan remains to 
be explained. 

It was before stated, that from the thinness of the parapets of an 
ancient fortress, the defenders might, by leaning over the sills of 
their embrasures, see every thing that was passing at the bottom of 
the walls immediately below them, aqd might take aim at any 
enemy in that position. 


AVhen the thickness of the parapet was increased, this became 
no longer practicable, for it must be evident, that a man standing 
behind a parapet from ten to eighteen feet thick, cannot possibly 
see any thing that is passing at the foot of the revetment imme- 
diately below him, nor can he possibly fire at an enemy in that 
position. 


In order to illustrate this remark by a figure, draw the section of 
the rampart of a regular fortress. 

This being done, produce the superior slope of the parapet, 
outwards, by a dotted line, until it meet^ the level of the ditch. 

Mark this point by the letter c. Mark the interior crest of the 
parapet by the letter a ; the exterior crest of it by the letter b ; 
the foot of the revetment by the letter d; and the extiemity of the 
ditch by the letter e. 

From the crest of the parapet, a, drop a perpendicular, a f, meet- 
ing the level of the ditch, produced backwards, in the point f ; and 
dot these new lines. 






Then the point, c, represents the nearest point of the bottomj^^l' 
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the ditch, \rhich it is possible for a man, standing on the banquette 
^ and firing over the parapet, to strike with a musqiiet ball ; and it 
will be evident, on inspe(;ting the figure, that almost the whole of 
the space, bed, is secure against musquet shot, and that particu- 
larly nearly the foot of the scarp, d, there is no danger whatever to 
be incurred from that weapon. 

Consequently, after the necessary alteration of the profile, occa- 
sioned by the use of gunpowder, w'as introduced, if the outline or 
plan of the modern fortress had not been altered at tlie same time, 
it would have had very little strength. 

The enemy, after getting into the ditch, and advancing to the 
foot of the walls, would have been perfectly secure from the fire of 
the besiegers. He might therefore have planted his ladders in 
safety, and scaled the work with very little risk. 

But although, from the banquette of the modern fortress, you 
cannot fire against an enemy in the ditch either near you or imme- 
diately below you, yet the superior slope or dip of the parapet 
permits you to fire upon an enemy placed below you on the level 
of the ditch, at a certain distance from you. For instance,, in 
your present figure, you may fire upon an enemy, in any part of the 
ditch beyond the point, c, as far as e, or further, if the ditch were of 
greater extent. 

To reduce the thing to calculation, if we suppose the perpcii- 
tlicular height, a f, of the crest of the parapet, a, above the level of 
the ditch, to be thirty-six feet, and that the parapet has a dip of one 
sixth : then six times thirty-six feet, or in other words seventy-two 
yards, set oft’ horizontally, from the point f, outwards, upon the bot- 
*Itom of the ditch, will determine the point c ; and if we suppose 
if d, to be about ten yards, then by deducting this from seventy-two 
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vanis, a difference of sixty-two yards will remain for the length of 
d 0 : that is to say, a soldier standing behind the parapet, may, 
with a musquet ball, strike a point, c, at the bottom of the ditch, not 
less than sixty-two yards distant from the foot, d, of the revetment 
immediately below' him. But as a man’s height raises him some 
feet above the level of the ditch, an enemy would not be quite 
secure from musquet shot, until he got ten or twelve yards nearer 
than the point c, that is to say, until he approached to within 
about fifty yards of the foot of the revetment. 

At a smaller distance than the above, you w ill neither be able to 
see nor to fire at any object in the ditch, unless you w ere to quit the 
banquette, and mount upon the top of your parapet ; in which 
case you would be as much exposed to miisquetry yourself, in 
defending your fortress, as an enemy would be in assaulting it. 

By increasing the dip of the parapet, it is true, that from a para- 
pet thirty-six feet high you might be able to fire at a jicrson in 
the ditch below, at a smaller distance than fifty yards ; but this 
acK^antage carries a great inconvenience along with it, w'hich coun- 
terbalances it. For the more the dip is increased, the weaker w'ill 
the crest of the parapet become. 

To explain this remark : if we suppose the dip of our parapet 
to be increased from one sixth to one third, the height of it remain- 
ing the same ; then the distance, f c, wdll be three times thirty-six 
feet or thirty-six yards, instead of seventy-two ; and deducting 
ten yards for f d, as before, twenty-six yards only wuli remain 
for the length of d c : that is to say, a man from the parapet may, 
with a musquet ball, strike any point, c, at the bottom of the ditch, 
not less than twenty-six yards distant from the foot of the revet- 
ments ; but for a reason before stated, an enemy would not be quite 
^«ife in the ditch, until he got to a less distance than the above 5 for 
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^instance, to within about twenty yards from the foot of the revet- 
ments. 

Thus, by increasing the dip of our supposed parapet from one 
sixth to one tliird, it appears tliat it will have a much greater com- 
mand of fire over the ditch below, which certainly would be of 
essential advantage ; but unfortunately the upper part of a parapet 
woidd, by such a construction, become too thin to protect the 
defenders against an enemy’s artillery : and it has therefore, as a 
general rule, been judged advisable, in parapets exposed to cannon 
shot, not to allow a dip of much more than one sixth of their 
thickness.* 

Since then, generally speaking, no part of the foot of the revet- 
ments or of the ditches of a modern fortress can possibly be defended 
by its own immediate parapet, but requires to be protected by the 
file of some other part of the parapets not less, on an average, 
than fifty yards distant from it : hence arose the necessity of dis- 
posing the outline of the body of the place in such a manner, that 
every part of the foot of the revetments and every part of the ditches 
in general, could be seen and protected by the fire of some more 
distant part of the ramparts. And it \^as found, that this advan- 
tage could not be gained in any way, but by adopting the 
form of bastions and curtains, for the main mclosure of the 
fortress. 


* The dip of the parapet, liowover small, always weakens the crest of it 
ill some de«'rec. l'\>r this reason, the J'*rriieh wrilors on fortifleation iu 
general allow very little. Cormoiitaigiie, for inslaiict', gives his parapet a 
/lip of one ninth only, although it is supposed to bo feet 10 inches high, 
above the level of the main ditch. Consequently it is inlpoh^ible, from 
thence, to see into any point of the ditch, nearer than jards, measured 
horizontally from the crest of the paraped ; so that an ciieiny, in tlic ditch, 
would be jicrfectly safe from direct miisqutt shot, any where within about 
-one hundred yards from the foot of the revetments. 
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Ill order to explain this re- 
mark^ draw a front of forti- 
fication with a ravelin ; and 
observe the figure attentively. 


If an enemy should get into the main ditch before the curtain^ 
and close to the foot of the revetment of it ; from what has been 
said before, it will be evident that he cannot possibly be annoyed by 
the fire of the curtain itself ; but he would be completely exposed 
to that of the adjoining flanks. 

If he attempted to scale either of the faces of the two demibas ' 
tions, he would also be exposed to the fire of the opposite flanks. 

In like manner, the faces of the demibastions, although incapable 
of defending their own revetments, can bear upon a great part of 
the ditches of the ravelin, and are consequently able to contribute 
to tlie defence of that work, in case an enemy should attempt to 
assault it. 

In short, in modern fortification, no work or outwork can effec- 
tually defend itself by its own fire, but must necessarily be defended 
by the fire of some more distant or retired part of the same system 
of works ; and generally speaking, any work or outwork, which is 
defended by another, is said to be flanked by it ; because in almost 
all cases, in regular fortification, the defending work will be found 
to protect the other, against an enemy wdio may be preparing to 
assault it, not by a direct fire, but by a fire in flank, or by what is 
termed an enfilading fire, as was before explained. 



lor instance, in a regular fortress, the faces of a bastion 
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ARE SAID TO BE FLANKED by the fl?mks of the adjoining bas- 
lioiis: and in like manner, A ravelin is said to be flanked 
by the faces of the bastions in rear of it. 

It may here be observed, that an enfilading fire is much more 
destructive to a line of troops than a direct fire. 

On account of the reasons, which were before stated, it has been 
laid down as a rule in modern fortification, that every part of a 
fortress should be flanked by some other part of it ; and it haa 
been shown that this advantage is obtained by laying out the 
inclosing rampart in tlie form of bastions and curtains ; or in other 
words, by adopting what has been called the bastionary 
SYSTEM OF FORTIFICATION foF the bodv of the place. 

I shall next explain, why no simpler figure or system than the 
above will answer the object in view'. 

If the outline of a fortress were traced in the form of a con- 
tinued curve, such as a circle or an ellipse ; or if its sides were 
laid out like those of a geometrical polygon, without any reenter- 
ing angles ; it would be quite impossible for a person, standing 
behind any part of t^ e parapets, to see into any parts of the main 
ditch whatever : and conseqiu ntly the fortress would not be flanked 
at all. This w ill be suflicicntly evident, w ithout’ any further illus- 
tration by means of figures or otherwise ; and therefore there is no 
instance of fortresses ever having been so constructed. 

If, on the contrary, the main inclosure of the fortress were laid 
out without any regular bastions, but in the form of a star, that is 
to say, with salient and reentering angles alternately, then every 
face might be able to flank or defend a part of the adjoining face, 
but not the whole of it. 
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Draw a figure to 
represent part of a 
fortress supposed to 
be constructed in the 
last-mentioned manner : and mark some of the angular points of 
the bod)> of the place by the letters, a, b, c, d, and e. 

Before we proceed further, it is proper to remark, that when a 
work is laid out in this manner, any two faces of it, which form a 
salient angle, constitute what is called a redan. For instance, 
a b c, in our present figure, is a redan : c d e, is also a redan, &c. 

And when a fortress is constructed in the above form, it is said 
to be fortified according to the redan system or fortifi- 
cation, by way of contradistinction from the bastionary system, 
which has already been very fully explained. 

In the redan system, each front of fortification consists of two 
faces only, forming a reentering angle, such as, bed, for instance, 
and therefore exactly resembles a simph^ teniiil ; for which reason 
this system has, by some authors, been also styled the tenail 
SYSTEM OF FORTIFICATION. 

The defects of the redan or tenail system shall now be stated. 

Let the parapets of the body of the place of our present figure 
be supposed to be thirty-six feet high, with a dip of one sixth ; then 
agreeably to our former calculation, they will not be able to defend, 
by musquet shot, any part of the <litch, which is less than fifty 
yards distant from the foot of the revetments below them. 

Therefore, if we suppose the two faces, b c, and c d, of our 
figure, to be each only thirty yards long, then it w'ill be evident, 
that they arc too near to each other for the purposes of mutual 
defence ; and that neither of them will be able to flank or defend 
the other properly. Consequently the whole of the reentering 
angle formed by these tw^o faces \? undefended or unfianked. 




THE REDAN SYSTEM. 


285 


An angle of this kuid, in fortification^ which is not properly 
flanked^ is called a dead angle. 

And in like manner^ any line or face, which is unfianked, is said 
to be A dead line. Consequently, under the present suppo* 
sition, the whole of the faces, b c and c d, are dead lines, and the 
angle, b c d, as before mentioned, is a dead angle. 

But if we suppose the faces, b c and c d, to be each a hundred 
yards long, then about one half of each face would be more than 
fifty yards distant from the other face which was to defend it. 
Consequently about one half of each of the two faces would be 
properly fiaiiked, but the remaining parts of them, towards the 
reentering point, would form a dead angle. 

Owing to this imperfection, the redan system of fortification has 
never been adopted in practice, for the construction of any fortress 
of iii)p</itaiice; although some authors have written strongly in 
luv our of it * It is not uncommon, however, to see a few redans 
occasionally used in the inclosure of a great fortress ; but this has 
seldom ornever been done to any extent in modern times, except 
in cascb where the irregularity of the ground or other circumstances 
have been unfavourable for tlie construction of bastions.f 

I shall here observe, that in the redan system of fortification, the 
reentering angles are sometimes called the flanking angles. Thus 


* Particularly Montaleinbcrt, who at the same time that he gives a 
decided preference to the redan system above any other, recommends, 
that all the reentering angles of a fortress so constructed should be right 
angles; and therefore he adopts the term “ Perpendicular Fortification" 
as the title of his book. 

t As for instance, in the works constructed on the Western Heights at 
Dover. 
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for instance the angle, bed, is a flanking angle, because 
those parts of the two faces forming it, which are nearest to the 
angular point, flank the salients on each side of them. 

For the same reason, the salient angles, in the redan system, 
which derive their defence from the others, are also styled the 
flanked angles. Thus, for instance, the angle, a be, is A flanked 
ANGLE. 

In a fortress built according to the redan system, it being quite 
impossible, as has been shown, for a very considerable part of the 
ditches and revetments to derive any defence whatever, either by 
cannon or niusqiietry, from the parapets of the body of the place ; 
the advocates of that system, in order to obtain the necessary 
means of firing into the dead angles of their work, have therefore 
been obliged to have recourse to casemates and galleries, the nature 
of which shall hereafter be described. In the mean time we shall 
proceed with our former subject. 

It will now be clearly understood, that none but the bastionary 
system of fortification has the advantage of affording a complete 
flanking fire for every part of the main ditch and revetments of the 
body of the place. It only remains to observe, that if a fortress, 
traced according to this system, is constructed on too small a 
scale, the above important advantage, which ought to arise from 
the regularity of the plan, may no longer be obtained. 

For example ; draw a regu- 
lar front of fortification, and 
mark the two flanks by the let- 
ters, a b, and c d. 

Then if we suppose the fortress to be constructed on such a 
scale, that the curtain, be, is a hundred yards long, one half of it 
may be flanked from a b, and the other half from c d. 
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But if the fortress were supposed to be constructed oil so small 
a scale, that the length of the curtain, b c, were less than fifty yards : 
then the two flanks, a b, and c d, would be too near to each other 
to defend it properly, in any part whatever. 

From this consideration, the necessity of giving a certain length 
to the curtains of a regular fortress will be evident. As far as 
regards the bastions, it might however, be supposed, that towers 
like those of antiquity, if constructed in the bastionary form, instead 
of being made square or round, and if placed at a sufficient dis- 
tance from each other, would sufficiently answer the purposes of 
defence ; as they would offer no dead angles and no undefended 
lines or faces ; and on inspecting a simple outline, this would 
appear to be the case. But when the matter comes to be more 
fully considered, it will be found, that even in a tower of very 
large dimensions, if you construct earthen parapets of a proper 
thickness to resist cannon shot, there will be little or no room left 
for mounting guns. Consequently the flank defences, to be 
derived from any kind of tower, are too trifling to be worthy of 
notice : and for this reason, not only the form, but also the magni- 
tude of the bastions used, became of importance, in modern for- 
tification. 

Upon the whole, it may now be understood, that the perfection 
of the bastionary system' of fortification does not merely consist 
in its figure, or in the proportion which its several parts bear 
to each other. The actual dimensions of these parts, that is of 
the faces, flanks, and curtains, are also of importance. They 
may admit of considerable variation, but at the same time there 
are certain limits, beyond which they cannot be increased <u 
diminished, without prejudice to the strength of the fortress. 

It will also be understood, that when a small woik is to he 
built on any limited spot of ground, it will lx* host to roiisttuct if 
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of any simple figure, suited to the nature, of the ground ; without 
attempting to give it regular flanks, which, on a very small scale, 
will be of little or no use. 

Small inclosed works, constructed without any regular flanks, 
are called redouts, the natuie of which will afterwards be more 
particularly explained. 

The covered way of a regular fortress is much more elevated 
than the level of the bottom of the ditch : and therefore the fire of 
musquetry from the parapets is able to see into any part of the 
covered way, immediately in front of them, even at a much less 
distance than fifty yards, w'hich I before gave as the least average 
distance, at which the ditches can be defended. 

Draw the complete section of a fortified place, showing the 
ramparts, ditch, covered way, and glacis : and let the dip of the 
parapet be such, that the superior slnpc when produced shall 
meet the reverse of the covered w^ay, in the point h. 

Mark the crest of the parapet as before by the letter a : dot the 
line, a h, which represents the path of a musquet shot supposed to 
be fired from the parapet ; and produce this dotted line, until it 
meets the level of the ditch, also produced outwards, at the point c. 


a 



On inspecting this new figure, it will be evident, that direct mus- 
quet shot from the ramparts may defend the covered way to great 
advantage, at or beyond any point, h, at a much less distance than 
c, which is supposed to be at least fifty or sixty yards from the foot 
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of the revelmient; and nearer than which, it is not possible to 
strike any object at the bottom of the ditch. 

From the same figure, it will also be evident, that although, in 
the redan system of fortification, a great part of the ditches and 
revetments cannot be defended by a fire of inusquetry from the 
ramparts ; yet the whole of the covered way and glacis of a place 
so fortified may be effectually protected thereby. 

Jii determining the profiles of a regular fortress, it has always 
been considered desirable to bring the whole of the covered way 
und('r the fire of the parapet immediately behind it, in the manner 
shown in our present figuie, which wc shall suppose to represent 
a section taken through the face of a bastion.* It will be 
observed that no part of the ditch whatever can, in this figure, be 
seen from the ramparts by a direct fire of musquetry ; and the 
same remark applies to fortresses in general: for, as has been so 
often slated, it would icquire a ditch to be more than fifty yards 
wide, before any part of it could be so defended ; but this is a 
much greater w'idtli than is ever given to the main ditch, even of a 
very large fortress. 

Being deprived of the advantage of a direct firt: from the ram- 
parts immediately in rear of them, the ditches of a fortress miisl 
therefore depend entirely upon tlie flanking fire, which is produced 
by planning the various works according to a judicious outlim % 
«nch as tliat of tlie hastioiiarv system. Ikit the coveted way aitd 


^ I'lic IVciicIi w’ii1('rs, in general, are salislied ifthc^ run bring the foot 
ol tlic banquette of the covered >vay under tJic direct fire of the jiurapcis. 
• I’his is the case in CoiTnontuignc’s protilo, inontioncd in :i fonuer note, in 
wliich no part of the interior of the covered way behind lliat point is seen 
Jnlo ; but on account of a inutfs height, which, of course, must always 
he taken into consideration; an enemy nnuhJ not be sei.iire against dii«*f;l 
»nusi|uet shot in any part of it. 

IT. 
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glacis of a fortiess have the advantage of being defended both by a 
direct and flanking fire, or in otlicr words by a cross fire. 

A CROSS riRE of artillery is, in all cases, much more harassing 
and formidable to troops than a direct fire, particularly if a part of 
your guns can be so disposed as to enfilade an enemy's line, whilst 
ikp remainder of them bears upon him in front. In that case, a 
cross fire will be more destructive than a simple enfilading fire. 

For this reason, not only in the bastionary but also in the redan 
system, it has always been considered an advantage, that the out- 
line of each is so constructed, that a cross fire is obtained from the 
rainparts, in every front. 

Having sufficiently treated of the ditches and covered way, the 
defence of the glacis now* only remains to be considered. 

']fhe glacis of a fortress may be defended from the parapets, 
either by a grazing or by a plunging fire. 

To explain these terms, draw a dotted line, a i, from the crest 
of the parapet to the crest of the glacis, in your present figure, 
and alter the slope of your glacis, i k, if necessary, until it agrees 
w ith the above line produced. 



This being done, a i, and i k, will form one continued right line, 
so that a niusquet ball from the parapet, fired with due accuracy 
at any point of the glacis, k, for instance, must graze or shave the 
surface of the slope iieaily. A shot so fired is therefore called a 
grazing shot; and when ibe [mrapet and glacis of any work are 
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thus disposed in regard to each other, the former is said to com- 
mand or protect the latter by A grazing tire. 

In a grazing fire the shot flies nearly parallel to the surface of 
any work or piece of ground, against which it is directed. The 
term plunging shot, on the contrary, implies that it strikes the 
surface at an angle. 

Thus the line, a i k, may represent the path of a grazing shot fired 
against tlie glacis, whilst the line, a h, will represent the path of a 
))lunging shot fired into the covered way. 

When the slope of the glacis is directed upon the crest of the 
parapet, in the manner represented in our present figure, a grazing 
fire of inusquetry only, but not of artillery, is obtained from the 
rampaj'ts. 

It was before explained, that cannon mounted on the terrepicins 
of a fortress usually fire through embrasures cut for the purpose ; 
but the muzzle of a gun so placed always stands nearly four feet 
lower than the crest of the parapet. For this reason, when a 
grazing fire of artillery is desired for the defence of the glaci-s, the 
slope of it should be directed, not exactly upon the crest of the 
parapet, but so as to fall four or five feet lower. 

Rub out the dotted lines in your section. Mark a point, n, 
rather more than half way down the interior slope of your parapet, 
to represent the height of the muzzle of a loaded cannon, ready to 
fire through an embrasure, and pointed towards the glacis. From 
this point, draw a dotted line to the crest of the glacis ; and 
alter the slope of the glacis so as to agree with the abo\e line 
produced. 

!. 2 
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From the crest of the parapet^ a, draw also a dotted line, a k, 
to the foot of tlie glacis. 



Ill the present slate of your figure, the right line, n k, represents 
the path of a cannon ball, which if fired from the ramparts, with 
due accuracy, at any point on the glacis, such as k, would graze the 
surface nearly. 

And the line, a k, represents the path of a musquet ball fired 
i'roiii the parapet at the same point, k, which in consequence of 
the alteration of the slope of the glacis, is no longer as before 
a grazing shot, but plunges in a small degree.* 

Some authors on fortification have recommended strongly, that 
the profile of fortresses should always be proportioned in the man- 
ner represented in our present figure, or nearly so, in order to 
obtain a grazing fire of artillery from the ramparts upon the glacis ; 
and a great number of fortresses have actually been built in con- 
formity with this system. 

The above ‘maxim, however, does not seem to have been 
adopted with due consideration. On the contrary, it appears to 
me radically bad in several respects. In the first place, it renders 
the covered way, as a work of defence, of little or no use to the 
besieged. A soldier standing on the banquette of the covered way. 


'* It was mentioned in a former note^ llial the path of a shut, properly 
speaking, is a curve, not a right line, as supposed in the tevt. But in the 
figures and remarks, intended to illustrate the simple principles, laid down 
in this chapter, it was not thought worth while to notice the difference, 
which at short ranges is very Irillitig. 
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lo fire against an eneni^r^ has his head and shoulders elevated above 
the crest of the glacis. Consequently the grazing shot from the 
ramparts will every moment be liable to destroy your own troops, 
who line the covered way ; so that these troops, instead of being in 
a state of activity, cooperating with the interior defences of the 
fortress, would be forced to sit down, in order to secure themselves 
against the fire of their own fellow soldiers. 

This reason alone, independent of others, points out that a 
grazing fire ought to be rejected ; and that the ramparts of a for-, 
tress should command the glacis in front of them by a plunging 
TIRE, not only of niusquetry, but also of artillery. 

Alter the rampart of your figure, by raising it considerably 
higher than it is at present ; leaving the covered way and glacis as 
they are. 

Mark a point, n, in your new figure, rather more than half way 
down the interior slope, to represent, as before, the height of the 
muzzle of a cannon supposed to be ready to fire through an 
embrasure. 

And draw the dotted lines, a k, from the crest of the parapet, 
and, n k, from the last marked point, to the foot of the glacis. 


a 



Then the line, n k, will represent the path of a cannon ball fired 
from the ramparts against the foot of the glacis, which, as you 
may observe by the figure, will pass a good deal higher than the 
crest of the glacis ; so that troops might man the covered way 
without being injured by it. 
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TJie line, a k, will represent the path of a musquet ball fired also 
from the ramparts against the same point, which in its flight passes 
still higher than the former, and consequently at a greater distance 
from the troops in the covered way. 

It will now be understood, that when the parapets of a fortress 
command the glacis b} a sufficiently plunging fire, in the manner 
represented in our present figure, the men in the covered way are 
not exposed to any danger from those who man the w'orks in rear of 
them. A combined fire of artillery and musquetry from the ram- 
parts, and of musquetry from the covered way, may therefore, 
without inconvenience, be kept up at the same time, against an 
enemy posted at the foot of the glacis. 

I shall mention another reason, which renders a grazing fire 
improper for the defence of a fortress. In a siege an enemy is 
always obliged to dig trenches and throw up parapets, in order to 
cover his troops against the fire of the place attacked; and these 
operations, which are commenced at n di.'i^tancc, must be continued 
even upon the glacis. A very moderate labour, how'ever, renders 
a (lencli secure against grazing shot, wdilch merely sweep the sur- 
face of the ground that is to be excavated. But when the w^orks of 
a fortress are so commanding, that the shot fired from them plunge 
dowinvards at an angle, it necessarily requires the besiegers to form 
much deeper trenches and higher parapets, for their own protec- 
tion. This adds considerably to the difficulties of the siege, by 
causing them to incur a greater loss of lives, labour, and time, than 
would otherwise be necessary. 

Having stated the objections to a grazing fire, it is to be 
observed, fliat against troops drawn up in the open field, and not 
protected by trenches of any kind, like a besieging army, it is suf- 
ficiently eflicacious; and therefore, although not to be recom- 
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mended in permanent works, it may be used to j^reat advantage in 
field fortification. 

I shall conclude by adding some further remarks on the Habit 
defences of the bastionary system, which could ncU coiivcnielitly^ 
have been introduced before, without confusing the subject. 

Whilst it was explained, in a former part of this chapter, that the" 
fire of the flanks can see into and defend every part of the main' 
ditch of a regular front of fortification, it was staled that the faces' 
of the deniibastions, which arc directed so as to flank the ravelin,' 
can only bear upon a great part, but not the whole, of the ditch' 
of that work. The reason is, that the inward extremity of each 
face of the ravelin is less than fifty yards distant, from the foot of 
the revetment of that part of the bastion, \^hich ought to defend 
it : but at less than the above distance, it has been shown, that no 
part of the ramparts can fire upon troops in the ditch. To brin^ 
the matter to a rough calculation, it may be assumed, that even in 
the largest fortress, the inward extremity of the ravelin is seldom 
more than forty yards distant from the revetments of the body of 
the place; which distance, being deducted from fifty, leaves a 
difference of ten yards. This therefore, in fortresses in general, 
may be considered as the least average extent that cun he allowed 
for that part of each face of the ravelin, which becomes a dead 
line, and of which the ditch is not seen into by the fire of the h idy 
of the place.* 

It is next to be observed, that the whole of the main ditch, even 
in the bastionary system of fortification, is not completely flanked, 

* In the above calculation, I have supposed the ditches of the ravelins in 
be on the same level with the main ditch, which is usually the case. ]{: 
they were on different levels, it would produce a difference in the extent of 
► the dead part of the face of the ravelin, which would become more or less 
than ten yards accordingly. 
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excepting in such fronts as have no tenail. That work necessarily 
prevents the fire of the flanks from seeing into the central part of 
the main ditch, which is immediately in front of it, and in rear of 
the ravelin. An enemy, who had penetrated into the main ditch, 
might therefore make his preparations for assaulting the tenail, 
without being exposed to the fire of any part of the ramparts 
whatever. But this has been considered a very trifling disadvan- 
tage, because after taking possession of the tenail, he would find 
it exceedingly difficult to maintain himself there, under the fire of 
the body of the place ; and he would next have to attack the cur- 
tain, the revetments of which, together with the narrow ditch in 
front of it, arc completely flanked. In short, by so acting, he 
w^ould direct his attack upon the strongest part of the main inclo- 
Mire ; and involve himself in much greater difficulties than by 
attempting the bastions. To explain this remark at large would 
require a full consideration of the art of conducting sieges, which, 
although intimately connected with elementary fortification, is best 
treated as a distinct subject. It may therefore suffice to say, that 
repeated experience has fully proved, that a besieging army 
attacking the main inclosure of a fortress, ought, in preference, to 
direct their operations against the bastions, not against the tenails 
and curtain. This being the case, the only thing essentially neces- 
sary in the construction of a tenail, is to make it so low, that the 
flanks shall be able to fire over it into that part of the main ditch, 
which is in front of the bastions ; because that is the only part, 
where it is convenient for a besieging army to effect their passage, 
in assaulting the body of the place. 

To explain this observation more fully, d^aw a front of fortifica- 
tion with a simple tenail. Mark the right flank by the letters, a b ; 
the opposite or left face by the letters, c d ; and the reentering angle 
or center of the tenail by the letter, e : and dot the unmarked parts 
of the line of defence, a d. 
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Lastly, from the point, a, on the line, a d, set oiF a distance, a f, 
* equal to three times, a e. 



Then if we suppose, as before, that the parapet of the body of 
the place is thirty-six feet higher than the bottom of the main 
ditch, but that the tenail is only eighteen feet high above the same 
level ; it follows that the body of the place will have a command 
of eighteen feet over the tenail. Consequently a shot fired towards 
d, from the point, a, of the flank, a b, at such an angle down- 
wards, as just to clear the parapet of the tenail, will drop or sirk 
eighteen feet nearly in the distance, a e : and at double that distance 
it will of course drop about eighteen feet more, which will bring it 
down to the level of the bottom of the ditch. • 

But from the construction of a regular front of fortification, the 
distance, a c, is rather more than double of a e. And therefore, a 
musquet shot, iired from the inward extremity of the flank, a b, so 
as to clear the parapet of the tenail, may strike the bottom of the 
main ditch, near the point, c, at the shoulder of the opposite bas- 
tion ; so that the whole of the ditch of the face, c d, of that bastion 
may be seen into by the fire of the flank, a b. 

But if we suppose the parapet of the tenail to be raised to the 
height of twenty-four feet, above the level of the ditch ; then the 
body of the place would only have a, command of twelve feet over 
it. Consequently a shot fired from the flank at a, so as to clear 
the parapet of the tenail, would only drop about twelve feet in the 
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distance, a e ; and therefore it would have to fly three times the dis- 
tance, a e, that is as far as the pomt, f, before it could drop so low 
as to meet the level of the ditch. 

It therefore follows, under our present supposition, that the point, 
a, of the flank, a b, instead of commanding the whole of the ditch of 
the face of the opposite bastion, as before, would only be able to 
see into a very small part of it, f d, near the salient angle. 

Those parts of the flank, which are nearest to the angle of the 
shoulder, are less impeded in their fire by the tenail, than other 
parts of it. For instance, take a new point, h, nearer to the angle 
of the shoulder ; and from thence draw a dotted line, h 1, towards 
the salient angle of the opposite bastion, intersecting the tenail in 
the point, i. Upon this line, set off the distance, h k, equal to twice 
h i, and, h 1, equal to three times, h i. 



Then to return to our first supposition, namely, that the body 
of the place has a command of eighteen feet over the tenail ; a shot 
fired from h, towards the salient angle of the opposite bastion, so as 
to clear the parapet of the tenail, will be able to strike the level of 
the ditch nearly at the point, k, that is to say, at about twice the 
distance, h i. This is much nearer than c, which, as before stated, 
is the nearest point that it is possible to strike,' on the level of the 
ditch, by a shot fired from a.^ 


* In a finished plan, the points, a, and b, ought to be taken upon the 
interior (not on the exterior) crest of the parnpet. 
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But if, according lo our second supposition, the body of the 
place has a command of twelve feet only over the tenail ; then a 
shot fired from h, so as to clear the parapet of the tenail, may strike 
the bottom of tlie ditch near the point, 1, that is to say at about three 
times the distance, hi. This again is much nearer than f, which, as 
before stated, is the nearest point of the ditch, that it would be pos- 
sible to strike by a shot fired from a, under the same supposition. 

I shall here remark, that in the bastionary system of fortification, 
Jis well as in the redan system, the term flanked angle is often used 
lo denote a salient angle. Thus, for instance, the salient angle of 
a bastion is often called the flanked angle of a bastion. 

The term flanking angle is also used in the bastionary system. 
It applies, however, not to any angle, which actually appears in 
the outline of the fortress, but to those imaginary angles, which 
are formed in each front, by the meeting of thef^flanks, and of the 
lines of defence ; or in other words by the meeting of the flanks, 
and of the f;;ces produced. Thus in our present figure, for 
instance, the angle, bad, which is formed by the meeting of the 
flank, b a, and the line of defence, a d, is one of the flanking 

ANGLES OF A REGULAR FRONT OF FORTIFICATION, thereby 
represented. 

To return to our former subject, namely the consideration of the 
command of the flanks ; it is to be observed that in those parts of 
a fortress, which have principal gateways and bridges of communi- 
cation tow ards the country ; their fire, I mean the fire of the 
flanks, will always be more or less obstructed by the bridge, in 
proportion to its height. 

Draw a new figure representing a 
* front of fortification, with a bridge 
extending perpendicularly from the 
^nter of the curtain across the main 
^ ditch. 
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Now if, as before, we suppose the body of the place to be thirty- 
six feet high, but the bridge to be only eighteen feet high, above 
the level of the ditch ; then a musqiiet ball, fired from either flank 
so as just to clear the bridge, will strike the ditch at about twice 
the distance of the further side of the bridge ; which, from the 
construction of a regular front, will of course be at some point 
nearly in front of the opposite angle of the shoulder, or rather a 
little beyond it. Consequently, under this supposition, the flanks 
will be able to see into nearly the whole of that part of the main 
ditch, which is in front of the bastions. 

In most fortresses, the principal bridges are raised to the level of 
the original ground line, which is generally about half the height of 
the parapet of the body of the place, or nearly so, in conformity 
with the above supposition. The gateway in the curtain being of 
course bodily elevated above this level, it follows that if the tenail 
is raised to such a height as completely to cover the principal 
gateway, it cannot be much lower than the body of the place 
itself.* 

For instance, suppose as above the body of the place to be 
thirty-six feet high ; and the bridge, and consequently the pavement 
of the gateway, to be half that height, that is eighteen feet high 
above the level of the ditch. In a principal communication, the 
height of the gate itself cannot be estimated at less than fifteen 
feet more : to cover which would consequently require a tenail 
thirty-three feet high, that is only three feet lower than the body of 
the place. But, by a tenail elevated to such a height throughout, 
the fire of the flanks would be so much obstructed as to be ren- 
dered almost totally useless. 


* If troops man the tenail, the fire of the flanks must necessarily be 
directed higher than has been supposed in the text ; and a part of the^r 
command over the ditch will consequently be lost. 
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It appears therefore best, entirely to give up the idea of screen- 
ing the principal gateways of a fortress by tenaiis of the form 
described in this book.'*^ The utmost that can be expected from 
them is to cover the lower part of the revetments of the curtain 
and flanks, in such a manner, that it shall be impossible for an 
enemy to effect a practicable breach in these parts of the body of 
the place,, until he has taken or destroyed the tenail. As far as 
regards the bridges, the lower that they can be kept, without mate- 
rial inconvenience to the commimicalion, the better will it be for 
the purposes of defence. 

The considerations, which have been discussed in this chapter, 
are of great importance in determining llie reliefs of the various 
parts of a fortress ; and will account for the difference, before 
alluded to, which may be observed between the profiles contained 
in this book, and those that are to be found in other writers on 
forlification. 

REMARK. 

By reflecting upon what was said in that part of our present 
chapter, which treated of the comparison between ancient and 
modern fortification, it will appear evident, that the prevailing 
system of fortification amongst civilized nations, at any particular 
period, must always depend upon the nature of the means of attack 
tlien known, according to which it must be chiefly regulated. 


* Tenaiis have sometimes been made of a different hiim, for iiistanci 
with long curtains and flanks parallel and near to those of the body of the 
place ; and when constructed in this manner, they obstruct tiie fire of tin 
flanks less than the common kind of tenail, supposing the height of each to 
4)e equal. It will of course be understood, that although incapable ol 
covering a principal gateway, a tenail of very moderate height may be able 
to protect posterns or sallyports ; these, in diy ditches, being usually placed 
Ht the very foot of flie scarp revetment, and, in wel ditclies. as low as Ihc 
water will permit. 
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Thus as the general use of gunpowder, in war, led in a short tinu* 
afterwards, to the adoption of the bastionary system, which forms 
the grand criterion of modern fortification ; if we could conceive, 
at any future period, the use of cannon to be entirely lost amongst 
mankind, then our present fortresses, although by far the best 
under existing circumstances, would immediately lose their supe- 
riority, and it would be necessary once more to return to the high 
walls and towers of antiquity, which under the above supposition 
would be a great deal stronger, and preferable in every respect. 


CIJAP. XV. 

EARTHEN RAMPARTS, OR RAMPARFS MITIIOLIT REVET- 
MENTS, DEMIREVETMENTS, AND J’ULL REVETMENTS, 
EXPliATNED. — OBSERVATIONS ON THE OBSTACLES, 
USUALLY EMPLOYED, TO SFRENC/FHEN EARTHEN 
WORKS. 

In marshy ground, or in situations, where water maybe found 
by digging a certain nuinbor of feel below the suiface, fortresses 
have sometimes been constructed wdth earthen ramparts only, 
without revetments of any kind; in which case, their principal 
defence against an assault consists in the wet ditches, which have 
necessarily been foj tried to protect works of this description. 

A mound of earth, even of the firmest kind, cannot for any 
length of time stand perpendicularly like masonry ; and the higher 
it is raised, the less capable it will become of preserving this posi- 
tion. Unless supported by some kind of retaining wall, or in 
other words, unless it is reveted, it nujst therefore be formed with 
slopes on every side, in order to enable it to maintain any perma- 
uent figure. 

Eavlh varies considerably in its quality, so that some Linds of it 
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will stand witli a much smaller slope than others. Common earth 
will stand at an angle of 43^ ; that is to say, at a slope whose base 
is equal to the height. Loose earth or sand requires the base of 
the slope to be greater than the height. Very stiff earth, in pro- 
portion to its tenacity, will stand at a slope whose base is three 
fourths or even one half of the height. 

When the height is small, it may be remarked that the same kind 
of earth will stand much steeper, than if the height were cohsider- 
able. For instance, supposing a rampart to be formed entirely with 
earth, the interior slope of the parapet might perhaps stand with a 
ba^e of one half its height, whilst tlie scarp or exterior slope of the 
rampart could not be considered secure with less than a base equal 
to its height, in consequence of the scarp being five or six times as 
high as the parapet. 

In Older to avoid unnecessary repetitions of the words " base*' 
aiul height,” it is usual to express a slope by two proportional 
numbers, of which the first always applies to the base, and the 
second to the height. 

Fur instance a slope of J to 1, denotes a slope of 46°, or On«‘ 
whose base is equal to its height. 

A slope of 1 to 2, denotes one, whose base is oini half of its 
iieight. 

A slope of 0 to 1, denotes one whose base is six limes the 
height. 

A slope of 9 to 7, denotes one whose base is to its liciglit in lhi 
pi oporlion of 9 to 7, &c. 

Sometimes a slope may be described in a still more concise 
manner, by using one number only, which may either be an integer 
or a fraction, for the purpose of denoting it. The number men- 
tioned always applies to the base of the slope ; and denotes its 
proportion to the height, which in this case is always supposed to 
be represented by an unit. 
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For instance, when a slope is simply said to he a slope of one 
third, it implies one whose base is one third of the height. 

A slope of two thirds, implies one wliosc base is two thirds of 
the height. 

A slope of six, denotes one whose base is 6 times the height. 

A slope of t\venty four, denotes one whose base is 24 times the 
heigh^ 8cc. &c. 

Taking into consideration, that the r.nnparts of a fortress ought 
to have about thirty feet perpendicular height at the least, one can- 
not, even in favourable soil, depend upon so great a mass of earth 
retaining its form for any length of time, unless the base of the 
exterior sloj)e is made equal to the height or nearly so. Expe- 
rience has proved that sut li is the least aveiage slope, which can 
be allowed to earthen works in general, although exceptions may 
of course occur in particular casei. Jbil it is perfectly practicable 
for men to run or scianiblc an eaithen slope of the above propor- 
tion, particularly after it has been exposed to the effect of batte- 
ries ; and hence follows the nccessih, ai;ove slated, of securing 
earthen works by wot ditches or other aodiUonai obstacles, vvifljout 
which they, in themselves, could not be «leeni(‘d tenable against 
an. assaiih. 

Wo Mhall now ])rocecd to exemplify, by proper figures, the sec- 
tions of a fortress, supposed to be constructed with earthen ram- 
parts onl\. 

Dra>v a line for a ground line, upon wdiicli constiuct a rampart, 
ditch, coveted way, and glacis, in the usual manner in other 
respects, hut w ithout any revetments or counterforts ; representing 
the scarp and counterscarp by oblique lines, sloping in the pro* ‘ 
portion of 1 to 1 neaily ; and di awing the former, that is to say 
the scarp, in one continued right line, fiom the exterior cr^t of th( ^ 
parapet to the bottom of tlie ditch, without any berm. 
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Draw also a right line to represent the surface of the water, in 
the wet ditch. 




When there is a wet ditch, it is usual to allow a bqrm on each 
side, a little above the surface of the water, in order to prevent 
the scarp and counterscarp from being injured or undermined by 
it. Moreover, as the action of Avater is more destructive to earthen 
works than the common cfl’ects of air and weather, it is also usual 
to give to tliose slopes, which are under water, a greater base in 
proportion to th^ir height, than is allow ed to the other slopes of the 
fortress. 

You will therefore alter your figure accordingly, representing a 
bci»n on each side, a little above the surface of the water ; and iu 
drawing thT new banks of your wet ditch, give the slope of each a 
greater base in proportion to its Iieight, than was allowed before. 



As earthen works have very little power in themselves of resisting 
an assault, they are often strengthened, not only by w et ditches, 
but also by other means, such as palisades, fraiscs, hedges, See. 

The nature of palisades has already been explained. 

\ 


VOL. IJ. 
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Fraises are strong pointed stakes, exactly resembling pali- 
sades, with this difference only, that they are fixed horizontally or 
nearly so, whilst the palisade is planted vertically. It is usual to 
give fraises a very small inclination downwards, in preference to 
any other position. 

Quickset hedges are also often used to increase the strength 
of earthen works. 

In order to represent all these expedients in your present figure, 
draw a fraise projecting from the scarp a little below the ground 
line, and pointing in a small degree downwards. On the front of 
the berm of the scarp, draw a figure to represent a quickset hedge, 
in rear of which draw a palisade. Draw also a palisade on the 
covered way. 



The section of A fortress without revetments is now 
complete. 

Sometimes there is a revetment, on each side, for the banks of 
the wet ditch only. Then the place is said to be constructed with 
water revetments. 


Draw small revetments, on each side, for the banks of your wet 
ditch, placing the top of each on the same level with your berms. 
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The section of A fotitress with water revetments is 
now complete. 

I Sometimes a rampart may be constructed with demirevetments, 
or half revetments, which implies that the lower half of the scarp 
only is reveted. 

Rub out the lower part of your scarp, from the fraise down- 
wards, in place of which draw a revetment with a broad berm at 
the top of it, and a counterfort. Make the counterfort lower than 
usual : and draw a hedge upon the berm in rear of the revetment. 

Rub out the imaginary parts of your ground line, and draw a 
dotted horizontal line, backwards, from the crest of the glacis, 
meeting the scarp. 



The section of a rampart with demirevetments is now 
complete. 

By inspecting this figure, you may observe, that the glacis 
effectually covers the whole of the demirevetment, as also the 
lower part of the earthen slope of the scarp, so that it would be 
impossible for an enemy, to strike those parts of the rampart, 
which are below the dotted line, by cannon shot fired from batteries 
constructed any where beyond the glacis. 

It will likewise be evident, that all that part of the scarp, which 
is below the dotted line, might be reveted, without exposing any 
masonry to the fire of distant ^ batteries ; and in that case the ram- 
part would be much stronger than it is at present, for the higher € 
revetment is, the more difficult it becomes to take it by escalade. 

X 2 


308 ELEMENTARY FORTIFICATION. piiAP. xv. 

In scaling a work, the ladders ought to be of such a strength, as 
to support the greatest possible number of men, who can conveni- 
ently stand or move upon them. If this precaution is neglecte* ', 
and the ladders are made so weak, that only two or three men can 
ascend at the same time with safety, whilst the others must wait 
below, till they reach the summit ; these unsupported individuals 
may easily be overpowered in case of resistance : or what is more 
probable, in the ardour and confusion of the assault, the men 
ordered for that duty will rush on, regardless of the weakness of 
their ladders, the whole or the greater part of which will conse- 
quently break down, and the enterprise will fail.* 

But when revetments are thirty feet higli and upwards, ladders, 
having the requisite strength for a vigorous escalade, will become 
so very unwieldy, that if we take into consideration the whole 
process, first, of carrying them across the glaci.s, secondly, of 
descending the counterscarp by mean.s of them, and afferwards of 
planting them against the scarp revetinent, and mounting upon the 
parapets of the body of the place ; it becomes altogether a task of 
such labour and difficulty, that unless the ganison of the place 
attacked should be culpably and uuaccoimtaMy negligent, a thing 
which it is not fair to calculate upon in war, die sm-cess of such an 
enterprise is next to impossible. 

When the revetments of a fortress are very low^, 10 or 12 feet 
for instance, then liglit iiKniagiable ladders, which may be carried 
and planted with great i*ase, will he strong enough for the purposes 
of cscalaxlc. Such places, tlic*cfoie, particularly if they have no 


* Of all scaling ladders of equal loiigtli, that can be used in assaulting 
a place, those which are made uitli a iiiimbor of joints, each about five or 
six feel long, under :iu idea of port alii lity, are tbc worst and weakest. At 
least I can ^yy, fi mn cxpeiicnee, that tbc scaling ladders of this deserip- 
‘tioii, which fonn an article of store in llu^ llritisli service, arc bad, and not 
to be depended upon. Accidents have freiiucntly happened in using them. 
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counterscarp, or a very low one, are liable to be taken by a general 
fcaiilt, and, in consequence of the weakness of their profile, they 
cin never be considered secure, without very powerful and vigilant 
garrisons. 

One of the first and most essential objects, to be attended to, in 
planning a fortress, is to render it secure against a surpiise or sud- 
den assault ; so that an enemy can have no hopes of taking it but 
by the tedious, expensive, and laborious process of a regular siege. 
In places with dry ditches, this depends principally or entirely upon 
the height of the revetments, both of the scarp and counterscarp. 
Consequently, as far as the above object alone is concerned, the 
scarp revetments of a foi tress can scarcely be made too high: 
and therefore, in cases where deniirevetments have been used, it 
has been done solely from motives of economy, the lowest revet- 
ments being invariably the weakest. 

It has been judged best, however, not to make the top of the 
scarp revetment of a, fortress higher than the level of the crest of 
the glacis, as represented by the dotted line in our present figure ; 
because if raised above that level, a part of the masonry would be 
liable to be injured by the fire of distant batteries. 

In conformity with this rule, in the first figure of the scctioris 
of a regular fortress, which you drew by scale, ( See Chap. V /, 
ami Plate 2d.) the scarp revetment, exclusive of the cordon, is 
made thirty-one feet high, above the level of the ditch. This 
exactly agrees with the height of the crest of the glacis, w’hich is 
nine feet higher than the ground line, whilst the latter is twenty- 
two feet above the level of the ditch, making thirty-one in all. 

From hence, it may appear, that, generally speaking, if the 
above rule is attended to, the scarp revetments of the main inclo- 
sure of a fortress cannot be made much more than thiity feet high, 
M'hich in a commanding profile, such as those contained in this 
hook, will extend about two thirds of the height of the scarp 
only ; but in ar Ifess coninianding profile, such as is more usually 
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recofn mended, it may extend three fourths of the total height of 
the scarp, or even more."*^ 

The rule, which has just been stated, of revetihg only a part' 
not the whole of the scarp, has not always been followed in 
modern fortification. A contrary practice prevailed, even after 
the period, that the outline of the bastioiiary system had been 
brought to considerable perfection. 

When the whole of the scarp is rcveted, a rampart is said to 
have full revetments. 

We shall proceed to exemplify this method, by drawing the 
section of a rampart so constructed. 

Draw part of a rampart, in the usual manner, including the 
interior slope, the terreplein, the banquette, and the whole of the 
parapet, excepting its exterior slope only. 

From the exterior crest of the parapet drop a perpendicular for 
the total height of the scarp. Upon this perpendicular, as a 
scarp line, construct a revetment, the top of w^hich must not, 
however, reach quite so high as the top of the perpendicular itself; 
and let the difference of height be about equal to the height of the 
banquette. 

Draw also a counterfort to 
your scarp revetment, in the 
usual manner. 



♦ In Connontaigne’s profile, the scarp revetment is 32 feet high, exclu- 
sive of die cordon; the total height of tlic scarp from the level of the 
ditch to the exterior crest of the parapet being 40 feet inches nearly. 
Other French writers, who arc advocates for the grazing system of fire, 
make their scarp revetments 32 feet high, in a scarp of 36 feet 6 inches. 
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The top of the scarp revetment, in your figure, agrees nearly 
wilt the level of the bottom of the parapet. The short perpen- 
die bar above it represents the front of the parapet, which, in this 
comtruction, must also be reveted; but the wall, built for that 
purpose, is usually made a little thinner than the top of the scarp 
revetment. 

Draw the back of the exterior revetment of your parapet, as 
above described, parallel to the front of it; but not extendii^ 
quite so far to the rear, as the back of the scarp revetment. 

This being done, draw the 
projection of a coping, at the 
top of THE EXTERIOR RE- 
VETMENT OF THE PARAPET; 
and draw that of a cordon, at 
the top of the scarp revetment. 



Rub out superfluous lines in your revetments ; complete your 
section, by drawing a ditch, covered way, and glacis, in the usual 
manner ; and draw a dotted horizontal line, from the crest of your 
glacis backwards, meeting the scarp. 



The section of a fortress with full revetments, that 
is to say, with the whole of the scarp reveted from top to bottom, 
is now complete. 

A place, so constructed, by reason of the extraordinary height 
of its walls, is very secure against a sudden assault ; but it labours 
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under a great disadvantage in case of a siege. The \vhole of tb'it 
part of the masonry of the scarp revetments, which is above the 
dotted line or level of the glacis, is conn)letcly exposed to the fire 
of distant batteries ; and this, according to the usual profile 
given to a rampart, would form on an average not less than one 
third of the total height of the wall. The same objection, there- 
fore, applies in some degree to this construction, which was urged, 
in the foregoing chapter, against the high naked walls of antiquity. 
The besiegers might, by a distant fire, completely ruin the upper 
part of the full revetment, which in its fall would bring down 
ij(!arly the whole of the parapet along with it * Consequently, 
although a practicable breach (!Ould not thereby be elFected; yet 
the principal defences of the fortress might be almost completely 
disabled in a few' days, so that an enemy might carry on the 
ulterior operations of the siege, comparatively speaking, with far 
less difficulty and loss, than would necessarily be incurred in 
attacking any other fortress of the same relief and outline, but 
wdtli scarps only in part reveted. 

Field works are always constructed wath earth, and most fre- 
quently commanding sitiialloiis, sucli as the summit of heights, &c. 
are chosen for them. In such positions they can seldom be 
secured by wet ditches; and therefore their principal strength 
depends upon palisades, fraises, and other obstacles of a similar 
nature. One of these contrivances, called chevaux de frizc, shall 
be described here, being often employed, not only in field fortifi- 
cation, but also ill permanent wwks. 


* Vaiiban, who buih his fortresses with full revetments, generally gave 
the rampart a command of about 14 feet 6 inches over the crest of the 
glacis. Making some deduction for the dip of the parapet, there must 
therefore have been about 11 or 12 feel of masonry, completely exposed 
by this construction. 
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%^Clievaux de frizc consist of strong pointed stakes, usually set up 
at intervals of six or eight inches apart ; in such a manner as to 
ciiss each other in the form of a St. Andrew’s cross, with the 
upper or projecting points raised to the height of about five and a 
half or six feet from the ground. As they are not usually driven 
into the earth, they arc let into a stout beam of timber, by means 
of tenons and mortises made for the purpose. This beam forms 
the center of the cross, and keeps a considerable number of the 
stakes together. The latter are commonly called the spears* 
Any one beam, with the spears attached to it, forms what is 
called a stand of chevaux de frize, which may be made of any 
length that is judged most convenient. The points of the spears 
are generally shod with iron. 

The section of a stand of 

CHEVAUX DE FRIZE is aS fol- 
lows, in which the beam is 
represented by the square in 
the center of the figure. Tnr. 

SPEARS are also represented. 



To illustrate still more clearly the nature of this obstacle, the 
oblique elevation of a stand of chevaux de frize is added. 



Chevaux dc frize are not always made in the manner represented 
in the above figures. Sometimes a greater number of projecting 
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spears are used, in which case 
the beams are not cut square but 
hexagoually. The section of a 
stand so constructed is as fol- 
lows. 



Chevaux de frize, when used in permanent works, are generally 
placed cm the berms of fortresses having earthen ramparts or 
demirevetments. 


A banier, for the purpose of shutting up a road of communi- 
cation, is sometimes formed by a stand of chevaux de frize ; in 
which case, the stand is made to traverse or move round on a 
pivot. The motion of a chevaux de prize barrier is 
facilitated by means of a wheel, or wlieels, fixed either to one or to 
both ends of the beam, as to an axle tree, whichever may be 
judged most convenient ; and the spears do not quite reach tlie 
ground at bottom, in order to prevent them from impeding the 
motion. 


In strengthening works by chevaux de frize, the various 
stands are set up in the same allineinent to the extent required, 
and the ends of the beams of the adjoining stands are chained, 
or otherwise firmly fixed together, by iron work. To give greater 
firmness, the ends of the lower spears may, if it is judged proper, 
be let into the ground ; for which purpose they should, in that 
case, be made a little longer than the upper ones. * 


* Portable chevaux de frize were common in former limes, and in the 
British service they still form an article of store in the Engineer Depart- 
ment of the Ordnance. The beams and spears of these portable chevaux 
de frize are made lighter and shorter than usual ; and they are stowed away, 
in a compact manner, in large casks, fiith the means of piitfing them 
together, when required. 
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CHAP. XVL 

OF THE GENERAL RULES AND PROPORTIONS, WHICH 

OUGHT TO BE OBSERVED, IN DETERMINING THE OUT- 
LINE OF A BASTIONARY FRONT OF FORTIFICATION.— 

EXPLANATORY TABLES AND REMARKS. 

It was before stated, that the length, and other dimensions, of 
the various parts of a bastionary front of fortification, are sus- 
ceptible of some variation; but that there are certain limits, 
beyond which any further increase or diminution of the magnitude 
of any particular part would be prejudicial. 

In determining the proportions of a regular front of fortifica- 
tion, the following objects are desirable. 

1st. .That the curtain shall be of such a length, as to admit of 
one half of it being properly defended by the right flank, and the 
other half of it by the left flank, of the adjoining bastions. 

2d. That the length of the lines of defence shall not exceed 
the range of miisquet shot, in order that an enemy assaulting any 
part of the body of the place may be exposed to an enfilading fire, 
not only of artillery but also of musquetry from the flanks. 

3d. It has been laid down as a rule in fortification, that whenever 
the face of a work is intended to fire in any particular direction, it 
should be constructed at right angles to the said direction, or 
nearly so. If this is not attended to, the line of fire both of can- 
non and musqu^ry, acting from the work, will become oblique, 
which is a great disadvantage; for gun batteries with oblique 
embrasures are more troublesome to construct, and weaker than 
others, as shall afterwards be explained : and as far as regards the 
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service of miisquetrv, it is at all times very inconvenient for a line r, 
troops to fire obliquely ; and in the confusion attending a g; jeral 
assault, particularly at night, they seldom can be made to p. :sent 
otherwise than straight before them, so that the greatest p ut of 
their fire on such occasions, if required in an oblique direction, 
^ might be uselessly thrown away. 

For this reason, when any work is intended to flank another, the 
former should be laid out pcrj)cndicularly, or nearly so, to the 
face, which it is to defend. But in applying this rule to the 
bastionary system, as the flapk has to protect not only the face, but 
also the curtain, it evidently cannot be made perpendicular to both. 
In the early periods of modern fortification, it was usual to make 
the flails at right angles to the curtain, in the manner represented 
in front. No. J, of the annexed figure. Afterwards it was found, 
that the defence of the faces of the bastions was of more im- 
portance than that of the curtain, the former being most liable to 
an assault, in case of a regulat siege ; and therefore the flanks 
were made perpendicular to the fare's produced, or nearly so, as 
represented in fronts No. 2, and :3, of tlsc same figure. 



When the flanking angle, c d c, is a right angle, the opposite 
face, e f, is said to be defended by a grazing fire. 

In front No. 1, on the contrary, the faces are defended by a 
plunging fire, as is shown by the line, i k, supposed to denote the 
path of a musquet ball fired from the point, i, in the flank, i b, 
to protect the opposite face. 

Front No. M shows Vaiiban^s method, which has been generally 
approved, in which a line, e h, drawn from the point of a bastion 
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S^,the center of llie opposite flank, is at right angles to it ; so that 
thJ^*^nking angle, c g li, is acute in a small degree. Hence the 
fire 'ff the flanks, in No. 3, is more plunging than that of front 
No. ’I* '^l"he advantage of this coiistniction is, that flanks having 
a moderately plunging fire will be able to sec into any breaches, 
that may be effected^ in the faces of the opposite bastions, in case 
of a siege, rather better than if they acted with a grazing file only. 

In the imperfect construction of the haslionary outline, used in 
the early periods of the art, the lines of defence did not terminate 
upon the exticmilies of the curtain, but upon some central point of 
it, such as, a, in No. 1 ; so that a certain portion of the curtain, a b, 
assisted in flanking the opposite face, in an oblique imperfect 
manner. Tor this reason, it was usually called the auxiliary 
FLANK. 

4lh. The faces and flunks of the bastions should be extensive, 
so as to admit of a powerful combined tire of cannon and mus- 
qiietry. 

otli. Tile interior of the bastions should be spacious, in order 
to allow sufficient room, for the movement of guns, carriages, and 
troops, ill various dlicctions, without interfering with the ma- 
noeuvres of the guns placed in battery upon the ramparts; as also 
for the formation of traverses and splinter proofs, in convenient 
situations, for a protection against the effect of the enemy's 
enfilading batteries and shells. Spacious bastions are likewise 
preferable in another icspect, inasmuch as they may be more 
advantageously defended by means of interior intrenchments to^ 
wards the goige, tliaii is practicable in smaller ones. 

6lh. The salient angles of the bastions should alw-ays be made 
as obtuse as circumstances will permit. 

The advantages of this construction will be evident, on inspect- 
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ing the annexed figure^ in which two bastions are represented 
whose faces and flanks are exactly of the same length, of 
which the one is very obtuse, and the other very acute. ' 


e 



In the acute bastion. A, it appears, that it is quite impossible to 
place gun batteries nearer to the salient angle, e, than the points, 
c, d, and thus a considerable portion, c e, and d e, of each face, is 
rendered useless for the service of artillery. The width of the 
gorge is also contracted to a most inconvenient degree, so that 
there would not be a proper passage for troops,, guns, 8cc.; and 
the interior capacity of the bastion is so small, that the men who 
may be ordered to defend it, being crowded into a narrow space, 
will not only be cramped in all their movements, but will also 
be exposed to much greater danger from an enemy’s fire, particu- 
larly of shells, than w'ould be the case in a larger work. 

In proportion to the acuteness of the salient angle, it will also be 
evident, that the masoniy near the point of the bastion must be 
.weakened, and rendered the less capable of resisting the effect of 
an enemy’s breaching batteries. 

In the obtuse bastion, B, on the contrary, it will be seen, that 
none of these disadvantages occur. Guns may^e placed in any 
part of the faces and flanks without inconvenience ; and there is no 
want of space, for any useful purpose, in the interior or towards 
the gorge. 
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There is another very great disadvantage attending acute bas- 
'•.fions. They are by far the most liable to injury from an enemy's 
enj^lading batteriesi in the event of a siege. 


his will be understood by examining the annexed figurei which 
represents part of the outline of a /ortress, consisting of five bas-^ 
tions, whereof the first four are obtuse, but the fifth is acute. 



A and B show tiie position of batteries, which may be supposed 
to be established, by a besieging army, for the purpose of enfilading 
the faces of the acute bastion No. 5. C and D, in like manner, 
represent batteries, established for the same purpose, against the 
right face of the obtuse bastion No. 4, and against the left face of 
the obtuse bastion No. 2. 

Now if we suppose the whole of the above batteries to be 
placed at about 600 yards from the points of the bastions, against 
which they are directed ; it will be evident, by inspecting the 
figure, that the batteries, A and B, are exposed to a direct fire only, 
whereas the batteries C, D, are exposed not only to a direct fire, 
but also to an enfilading and reverse fire, from the works of the 
fortress, at a n)iich shorter distance. 

Thus the enfilading batteries, erected by a besieging army 
against acute bastions, may eflPect their object with little loss; 
whereas batteries, established for the same purpose, against obtuse 
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bastions^ must necessarily be placed in more disadvantageous situ- 
ations, where they may be exposed to a cross fire of the mos^/ 
destructive nature, acting upon them in front, in flank, anc' in 
rear. 

In some few cases, circumstances may admit of bastions b^ing 
constructed with such very obtuse salient angles, that an enemy’s 
enfilading batteries, C, D, may not even be able to have a proper 
direct ^iew of the faces of the bastions, but must fire over some 
intervening ravelin, as is represented in the figure. Bastions of 
this description can receive little or no injury, from the enfilading 
fire of such batteries. 

From the above roiisideralioiis, it has been laid down as a rule, 
that the salient angles of works in general should not be less than 
60 °; and as far as regards those of bastions in particular, it may be 
allowed, that the more obtuse they are made, the better will it be 
for the purposes of defence, provided that no other essential object 
is sacrificed, in so doing. 


diaiAKK. 

In fortified polygons, whose exterior sides are of equal length, 
the salient angles of the bastions are always more obtuse in pro- 
portion to the greater number of sides ; and it has just been 
explained, that tliis adds to the strength of a fortress. Consequently 
the fiont of a decagon is stronger than that of a pentagon, but 
weaker than that of a dodecagon, supposing that all the three are 
fortified according to the same system. 

There is also another leason, which makes a large fortress 
stronger than a small one, in proportion to its extent ; namely, that 
the former, when besieged, requires a greater degree of labour in 
forming proper approaches, &c. against it, than the latter, as w ill 
be easily understood, when you come to* study the plan of attack 
of a regular fortress. 
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* . Having now stated the various objects, which are of importance^ 

in«, planning the outline of a bastionary front; it is proper to 
regiark, as a thing, which invariably holds good in fortitication, that 
any one acknowledged and indisputable advantage, if carried too 
far, will always produce some incouveniency or evil, which will 
counterbalance it. 

For example, in a foregoing chapter, it was explained, that in 
ramparts of equal height, a full revetment is much stronger against 
a sudden assault than a partial or demirevetment ; but then it was 
also show'll, that the latter is infinitely more capable of resisting an 
enemy’s batteries, and, as having less masonry, it is also the least 
expensive. 

To apply the same general remark to our present subject, it will 
be evident, that if the exterior sidij of a front of fortification is 
longer than usual, the bastions may in consequence be made more 
extensive and spacious, which w'ill so far be of advantage ; but by 
such a construction, ..tlic lines of defence will also be lengthened 
in the same proportion, so that an enemy assaulting the bastions 
might be out of range of musquet shot from the flanks. Hence a 
very great evil w^ould arise. 

Again, by shortening the perpendicular of a front of fortifi- 
cation, the salient angles of the bastions will be rendered more 
obtuse, which will be advantageous to the defence ; but then the 
diminution of the flanks, necessarily caused by this construction, 
will have a contrary tendency. 

Moreover, by diminishing the length of the faces of the bas- 
tions, when the exterior side is of a given length, the flanks will 
be increased, which is an advantage; but the lines of defence 
will, at the same time, be lengthened, a thing which, as was 
before explained, is by no means desirable. 

TOL. 19. 


Y 
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Thus by increasing the magnitu.L' of any part of a front of ' 
tification of a given length, the liijiu nsions of some oilier part of it 
must necessarily be diminished, and vice versa ; and as there arc 
limits, beyond which the dimeiisions of any particular part cannot 
be increased or diminished without prejudice to the strength of the 
fortress, it follows, liiat there must be a certain medium length for 
the various parts of the outline of a bastionary front, which, upon 
the whole, will be the most advantageous for the purposes of 
defence. 

Engineers have, however, varied in their opinion, as to the proper 
medium lenglli, ai:d form, of the various parts of the outline ; and 
a number of difterciit systems of fortilication, before alluded to, 
have accordingly been proposed. But it lias been very generally 
allowed, that an exterior side of about ‘>84 yards, a perpendicular 
of about one sixth of the exterior side, and bastions whose faces are 
about two sevenths of the exterior side in length, form a well- 
proportioned simple front; and these dimensions constitute what 
lias been called the first system of V uuban, the construction of 
which has been illustrated in the 5th and 1 i>th chapters of this 
work. 

The above proportions, liowever, strictly sj)cakiiig, arc only 
suitable to hexagons or polygons of a greater number of sides. 
If used ill the construction of the pentagon or square, the salient 
angles woidd thereby be rendered too acute, and the gorges too 
narrow'. It has therefore been judged best to give to the pentagon 
a perpendicular of one sevtnlh, and to the square a perpendicular 
of one eighth, of the exterior side only. 

In the annexed Table, marked No. I, the first line gives the 
dimensions of the various parts of one front of Vauban’s first 
system, as above explained ; the remaining lines show the varia-^ 
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Jons, which would be produced in the above front, by diminishing 
the lengtli of the perpendicular, from one sixth to a smaller pro- 
poj^tion, without changing any of the other parts. The width of 
the gorge is calculated, as it would appear in a simple outline, 
and consequently a deduction must be made for the thickness of 
the parapets of the opposite flanks, 8cc. in order to find its actual 
width. 

A second Table has also been annexed, to show the further 
variations, w'hich would be produced in a front, whose cxtciior 
side is of the same length, as above supposed, by altering not 
only the proportion of the perpendicular, but also the length of the 
faces of the bastions.* 

1 shall next notice some of the principal angles of a fortress, 
introducing a few simple rules for finding them. 


* The lengths of the Hanks, curtains, and lines of defence, as well as the 
total length of the outline of each front, given in the various tables, contained 
ill this chapter, have been found by geometrical construction, not by calcula- 
tion ; and therefore it will be understood, that I do not vouch for their acciirac\ 
to any very great degree of nicety. They are, however, correct enough foi 
any useful practical purpose. In Table III, the various numbers arc all 
laid down according to calculation, and are consequently much inoie 
minute, than is absolutely necessary. If a rough calculation only should b(' 
required, time wdll therefore be saved, in using that Table, by rejecting as 
many decimals as may appear convenient. 

The Learner is recommended to exemplify some of the jiriiicipal varia- 
tions contained in the 1st, 2iid, and 4th Tables of this chapter, practically ; 
drawing by scale, first a front of forlifleation of the given length of exte- 
rior side, &c. and afterwards observing tlie changes produced in his figure, 
by increasing or diminishing the length of the perpendicular or faces. 
This will be more instructive than a mere reference to the Tables, wliirii 
arc chiefly calculated to save trouble to those who are a!i'(“ady masters cl 
the general principles. 


V 



Showing the Changes produced in a Front of Fortification^ by varying the Length of the Perpendicular, 
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Rule I. To find the interior angle, or angle at the center, of 
any regular polygon : Divide 360 degrees by the number of sides, 
and the quotient will be the answer. 

Thus in the decagon, 360° divided by 10, gives a result of 36 
degrees, for the interior angle of that polygon. 

Rule II. To find the exterior angle of any polygon : Deduct 
the interior angle from 180 degrees, and the remainder will be the 
answer. # 

Thus for instance, in the decagon, deduct 36® from 180®, and 
144° will remain for the exterior angle of that polygon. 

In fortified polygons of every description, when the perpen- 
dicular is one sixth of the exterior side, the diminished angle will 
be 18®Q6'4'': when the perpendicular is one seventh, the 
diminished angle will be 16® 56' 43^': w hen the perpendicular is 
one eighth, the diminished angle will be 14® Ql lOj": at one ninth, 
it will be 12® 31' 432" ; and at one tenth it w411 be 1 1® 18' 36". 

Rule III. To find tlic salient angles of the bastions of any 
fortified polygon : Deduct twice the diminished angle from the 
exterior angle of the original polygon ; and the remainder will be 
the answer- 

Thus in the decagon, if the perpendicular is one sixth of the 
exterior side, deduct twice IH® 26' 4" from 14 t®, and the remain- 
der, 107® 7' 52", will give the salient angles of the bastions. 

But if the perpendicular of the above polygon had, for any 
reason, been made only one eighth of the exterior side ; then 
from 144 degrees, deduct tw’ice 14® 2^ 10^ , and the remainder, 
115® 55' 39", will give the salient angles of the bastions of a 
decagon thus fortified. 

To save the trouble of calculatidn in common cases, a third 
Table has been added, in which the radii, sTreas, and angles, of 
various regular polygons, are inserted. 
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Those columns of the third Table, which' give the proportional 
radius and area of the various polygons in decimal parts, when the 
exterior side is equal to 1, will be useful in calculating the actual 
radius and area of any polygon of a given exterior side, that is to 
be fortihed. The rules are as follow. 

Rule IV. To find the radius of any polygon, whose side is 
of a given length, by means of Table III. Multiply the given 
side, by the proportional radius, marked in the Table opposite to 
the proper polygon, and the product will be the answer. 

For example, supposing that a regular octagon of 384 yards 
side is to be fortified : multiply 384 by 1 •30r)6, the proportional 
radius for that polygon; and the product 501-7344, or 501| yards 
nearly, will be the required radius. 

Rule V. To find the area of any polygon, whose side is of 
a given length, by means of Table III. 

Method 1. Multiply the square of the side by the propor- 
tional area, marked in the Table, opposite to the proper polygon, 
and the product will be the answer, in supeificial measure, of the 
same denomination. 

Thus, for example, in a regular octagon of 384 yards side, 
multiply 147,456, which is the square of 384, by 4*8284271, the 
proportional area for that polygon, and the product 711,980-546 
gives the area of your supposed octagon in superficial yards, w'hich 
may be reduced into acres by dividing it by 4840. 

Method 2. When it is proposed to find the area of a regular 
polygon in acres at once. Reduce the given side into yards, if 
necessary, and multiply the square of it, by the number marked 
opposite to the given polygon, in that column of the Table which 
is entitled proportional area in acres, &c.” The product thereby 
found will be the answer* 
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Thus^ for in a regular decagon of 1152 feet side; 

divide first by 3, toVeduce it into yards, and 384 will b6 the 
quotient. Then multiply 147>456, the square of this number, bj 
*0909976089, and the product, 147*1034, which is equal to rather 
more than 147 tV acres, will be the area of a regular octagon of 
384 yards side, as required. 


We shall next consider the variations that will be produced in a 
front of fortification, constructed accoiding to Vauban’s first 
system, by altering the length of the exterior side, without 
changing any of the other proportions. 

Allowing the perpendicular to be jth of the exterior side, and 
the faces of the bastions to be f ths of the exterior side, according 
to the above system ; then the proportions of the remaining parts 
will be very nearly as follows. 

The flanks about ^th 
The curtain .... fths 
The lines of defence iJths 
And the total length of the outline 
of one front rather more than 1 i . 


> of the exterior side.* 


Hence in a front of 200 yards, fortified according to Vauban’s 
first system, the faces will be about 57 yards ; the flanks 28| 


* By means of these proportions, the climonsions of the various parts of 
any front of a given length of exterior sitle, foitificd according to Vau- 
ban’s first system, may be expeditiously^ found, to such a degree of correct'- 
ness, as will suffice for the purposes of rough calcnlalioii. 

But if greater accuracy should be required, the exact length of the various 
parts may be ascertained by the following rule. 

Multiply the length of the given exterior side, in yards, 1st by 0'2G6558, 
to find the faces of the bastions; 2dly by 0-14513(5, to find the flanks; 
Sdly by 0*393575, to find the curtains; 4lhly by 0*734211, to find the lines 
of defence ; and lastly by 1*256700, to find the total length of the front. 
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yards ; the curtain about 80 yards ; the li«.^ of defence about 
] 46| yards ; and the total length of the outline of the front rather 
more than 250 yards. 

In so small a work the flanks could barely mount 4 guns^ and the 
faces about 8 guns^ admitting the bastions to be rather obtuse ; but 
if they are supposed to be aciite^ then the number of guns, capable 
of being mounted in such a work, would be reduced in proportion. 
The curtain also will be rather too short to admit of its being 
properly flanked in every part, if the rampart is of a bold 
relief. 

200 yards may therefore be considered the shortest regular 
front, that ought to be admitted in fortification ; and that only in 
very small forts, such as square forts or pentagons, whose extent 
is either limited by circumstances, or which are of secondary 
importance."^ 

In larger fortresses, whose outline is formed of more extensive 
polygons, such as hexagons, heptagons, and upwards, it is desirable 
to make the exterior sides of the fronts in all cases at least 300 
yards in length; but the nearer they approach to 384 the 
better.f 

Authors have divided fortification into three different styles, 
which they term the mean, great, and little. 

Little fortification implies tlmt the length of the exterior 
side is about 320 yards, or less ; 

Mean fortification implies that the exterior side is about 
384 yards ; 


• In Cumberland Fort near Portsmouth, a very well-executed pentagonal 
work, the principal front is 210 yards in length, the remaining fronts being 
each 200 yards. 

f The principal fronts of Portsea Lines are each 360 yards in length. 
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And greatTTJkti*^^’ATION implies that the exterior side is 
about 425 yards in len^h. Vauban, however, to whom the use 
of these terms is ascribed, is said in peculiar cases to have con- 
structed fronts of even 450 yards in length or upwards. 

It was stated that the line of defence, in a place fortified accord- 
ing to Vaiiban’s first system, is about IJths of the exterior side : 
consequently, in proportion as the length of a front so fortified 
varies from 300 to 400 yards, the line of defence will increase 
from 220 to 293 yards. Even at the former distance the common 
miisquet is very uncertain in its effect; much more so at the latter. 
As far as the flanking musquetiy defences alone are concerned, 
it would therefore certainly be desirable, to make the exterior side 
of a regular front considerably shorter than 384 yards, if other 
important considerations did not oppose it. At all events, it 
must be acknowledged, that it is always proper to have the line of 
defence as short as circumstances will permit ; and therefore in 
-fronts exceeding 384 yards, it has been laid down as a rule, that 
the length of the faces of the bastions should be increased from 
fths to Jd of the exterior side, or upwards.* 

The following Table, marked No. IV, will show the changes 
produced in long fronts of fortification, by var}ing the length of 
the faces of the bastions ; the perpendicular in all cases being 
supposed to be one sixth of the exterior side. 


♦ The line of defence of a front of 384 yards, U nearly 282 yards in 
length ; and the common infantry firelock is certainly by no means to b^ 
depended upon at such a distance. Wall pieces, or miisqiicts of a superior 
quality, should therefore be kept in store in every fortress, to be issued, in 
case of a siege, to the troops defending the body of the place. For the 
service of the outworks and covered way, the common firelock may 
suflice. 





TABLE IV. 


Showing the Variations produced in long Fronts of Fortification, 
by increasing the Length of the Faces of the Bastions con- 
siderably beyond their usual Proportions, 


















GEfHgRAL RULES AND PROPORTIONS. 333 


REMARK. 

4 j long fronts of 39 1 i yards exterior side^ 

fronts of 371} 8 yards exterior side, or > will exactly suffice; 

5 short fronts of 332 yards exterior side, ^ 
to fortify one English mile in extent. If therefore the circum- 
ference of any city is given, you may easily find the nature of the 
polygon, which will be required to fortify it, by multiplying the 
given extent in miles, by any of the above numbers which you may 
judge convenient. 

♦ 

For example, supposing that the extent of any city or spot of 
ground, w'hich is proposed to be fortified, and of which you have 
an accurate plan, proves by die scale to be two miles in circum- 
ference:* then if you multiply 2 by the above numbers, it will 
appear that 9 Jong fronts, middling sized fronts, or 10 short 
ones, will exactly suit the given extent. But as the fraction of a 
front of fortification cannot be used in practice, it follows that 
in planning your supposed fortress, you must either adopt a long- 
sided iionagon, or a short-sided decagon. 

Long fronts of 400 yards and upwards have generally been 
used, on those sides of a fortress only, which are considered the 
least liable to an assault, as for instance on the sea line of mari- 
time fortresses ; or on the bank of some large unfordable river. 
When fortresses aie built with fronts of unequal lengths, they are 
said to be irregular. The nature of such works shall be more 
fully explained in a future chapter. 


* III measuring die extent of a town or city for the above purpose, it will 
of course be understooth that the outline chosen, which is to correspond, 
with tlie exterior sides of the fortified polygon, must be traced at a sufficient 
distance beyond all the streets, buildings, IS^e. which it may be proposed to 
preserve. 
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Before we conclude this part of our sf'ojtct, it may be proper 
to observe, that the length of a flank, as measured on the outline 
of any work, does not give a just criterion for calculating the 
exact number of flauking guns, that may be mounted thereon. 

To explain this by 
a figure, draw a work 
resembling a small 
bastion wdth part of a 
curtain on each side 
of it. 

This figure may represent either the scarp line of a deniirevetcd 
work of respectable height, or the foot of the exterior slope of the 
scarp of a field work. Let us suppose that the flanks are only 6 
•yards or 18 feet in length. 

*^Then, as 18 feet is quite sufficient for a orie-gun battery, it 
might at first sight be considered practicable to place one gun in 
each flank, in such a position as to be able to flank the adjoining 
curtains w'ith proper effect. This however vvill not be the case, as 
will appear, when we proceed to complete the plan of our sup- 
posed work. 

In rear of the various lines of your present figure, and parallel 
to them, at the distance of about 4 yards, draw a second set of 
lines, to represent the exterior crest of the parapet. 

At the distance of 6 
yards more, also set 
off towards the rear, 
draw a third set of 
parallel lines, in order 
to show' the interior 
crest of the parapet; and complete your plan by inserting tlu; 
necessary lidges and furrow's. 
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It now appears evident, that although one gun may be placed in 
each flank, it is quite impossible, on account of their oblique 
position, that either of these should act as flanking guns to protect 
the adjoining curtains. Consequently, in calculating the quantity of 
proper flanking defences, to be gained from any flank, a certain 
deduction must in all cases be made, on account of the space that is 
lost by reason of the exterior slope, and thickness of the parapet.* 


* If the angle of the shoulder were a right angle, the space lost would be 
exactly equal to the base of the exterior slope and thickness of the parapet 
added together: but if the above angle is obtuse, which is almost always the 
case, then the space lost will be so much the less, in proportion to the magni- 
tude of the angle. 


END OF VOLUME 1. 


ERRATA. 

At the bottom of several p<iges, viz.: 33, 49, G5,&c., /or voi.. ii. read voL.i. 
Page 184. Erase the last clause of the last sentence of the note, qfter the word 
“ drawing.” 

-- 240, Article 96, last line of the text, for ramps read barbets. 


Piinted hy J. Inncs, IVclls Street » Oxford Street, Ljondon. 
And C. and If. Totensm, ('fiat ham. 










